A Mivcme bitietatiatey: 
of Gas Engineers 


JOURNAL 


MAY 1961 
VOLUME 1 NUMBER 5 





Cover ii 1.G.E. Journal—May, 196} 


| HULLANNNANL 


Fis 














Our standard range of diesel locomotives incorporating Hunslet patent hydraulic transmission, includes a type 
ideally suited to your application. The 153 h.p. 0-4-0 type 2-speed hydraulic locomotive is just one example 


of what we can offer in the medium power range. It is a QUALITY LOCOMOTIVE—the class of locomotive 
which is designed and built to give a life-time of trouble-free service. 


THE HUNSLET ENGINE CO. LTD. LEEDS 10 LONDON OFFICE: LOCOMOTIVE HOUSE, BUCKINGHAM GATE, WESTMINSTER, S.W.| 


H9I 











Founded 1863 


The Institution of Gas Engineers 


Royal Charter 1929 


Patron: Her Majesty The Queen 


T. C. Bariersspy, M.B.E., M.1.Mech.E. 


Sar 


President 
H. S. CHEETHAM, M.1.Mech.E., M.1.Chem.E., F.Inst.F. 


Vice-Presidents 
A. E. Harrner, Ph.D., B.Sc., M.1.Chem.E., A.R.CS,D.LC, 


Honorary Secretary 
G. E. Currier, O.B.E., M.1.Mech.E. 


Secretary- Designate 
A. G. Hicoins, M.Sc., F.R.1.C. 


Finance Officer Editor 


Secretary 
W. T. K. BrRAUNHOLTZ, O.B.E., M.A., Ph.D., F.R.LC. 


A. W. Kina, A.A.C.C.A. BEN. MorGAN, M.A.A. 


Assistant Secretary 
J. R. Davipson, B.Sc. 


Advertisement Manager Librarian 


H. P. Howe. D. P. JOHNSON, 


B.A., A.L.A. 





Sim: JOURNAL 


May, 196! 





CONTENTS 


[HE ESTABLISHMENT OF A MARKET FOR NATURAL GAS 


By Jean Dhuin, Head of Gas Department, and Louis 
Socrate, Head of Technical Service, Gas ———— 
Société Nationale des Pétroles d’ Aquitaine 


THe STABILITY OF AiR BLAST TUNNEL BURNERS 


By W. E. Francis, B.A.. A.M.Inst.F., and M. L. 
Heesarth, B.Sc., Midlands Research Station, The Gas 
Council 


Sist REPORT OF THE plone Rareac TORIES Rikenencn 
COMMITTEE: 1959-60 (To be continued) 


IN THis ISSUE 
INTERNATIONAL GAS ined 
NEWS FROM THE Gas INDUSTRY Mineiiaint 


SHorT REFRESHER CouRSE FOR GAS Dismusuri0n 
ENGINEERS 


PROCEEDINGS OF Commer. 


Page 


295 


320 


340 
353 
354 
357 


358 
359 


FORTHCOMING MEETINGS: 


(a) District Sections and an Affiliated Association 


(b) Junior Gas Associations 


INSTITUTION REGISTER 


District SECTIONS AND AFFILIATED ASSOCIATIONS: 


(a) Notes of Meetings 
(b) Abstracts and Discussions of Peet 
PERSONAL NOTES 
LIBRARY ACCESSIONS 
Murpocu Lecture: 1961 
GENERAL NOTICES 


OFFICERS OF District SECTIONS AND 
ASSOCIATIONS 


The Institution of Gas Engineers as a body is not necessarily responsible for the statements made, nor for the opinions 
expressed, in the following pages. 


AFFILIATED 


Page 
360 


360 
360 


361 
363 


372 
372 
373 
373 


374 





e 


e 


Telephone: BELgravia 8266. 








Published by The Institution of Gas Engineers, 17, Grosvenor Crescent, London, S.W.1 
Subscription Rates: 7s. 6d. per copy, post free; £4 10s. per annum, post free. 


Telegrams: Gasophaner, Knights-London. 





1.G.E. Journal—May, 196f 


Wi 


> 
Lt 


1 Sy ol 
6 ALTE TBD 


1 
rv 


Pay eer |e 


oar 





An artist’s impression of:the High Pressure 
Oil Gasification Plant nearing completion at the 
isle of Grain Works of the South Eastern Gas Board 


ele) ey.) SB el tler ¢.7-V. 


CONSTRUCTION C 


>f 


OMPANY LTD 
re) Cola macer-(e) Te) 
Ret 








¥THE ESTABLISHMENT OF A MARKET 
FOR NATURAL GAS 


By JEAN DuuIN, 
Head of Gas Department 


and 


Louis SOCRATE, 
Head of Technical Service, Gas Department 
Société Nationale des Pétroles d' Aquitaine 


COMMUNICATION No. 582 


TABLE OF CONTENTS 


Summary 


Introduction 


The Establishment of a French Market for Lacq Gas 


(A) Review of the Problem 


(B) Sales of Gas in South-West France 


(c) Sales of Gas to Electricity Generating Stations | 


(Dp) Temporary Sales .. ue 


The Underground Storage 


(A) Historical Review a 
(B) Exploration of Lussagnet. . 
(c) Equipment ee 
(D) Operation .. 


Conclusion 


Presentation, Discussion and Reply 


I SUMMARY 


The marketing of gas was one of the problems that the 
Société Nationale des Pétroles d’Aquitaine had to solve when 
putting the Lacq natural gas deposit into production. The 

t of consumption was slower and more uncertain 
than that of production, which was planned to be rapid 
because of France’s need for more energy sources. However, 
a$ a consequence of favourable circumstances and appro- 
Priate measures, the planned programme could be adhered 
to. 


The energy market in South-west France, already opened 
10 natural gas through the St. Marcet deposit exploited by 
Régie Autonome des Pétroles, could easily absorb production 
from the first and second Lacq sections. Then, the beginning 
of operations was made easier through gas consumption in 
power stations, which accounted for a third of the production. 

provisional openings were offered by industrial equip- 
Ment tests. The Lussagnet underground storage, however, 
Provided the most efficient flexibility. 
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S.N.P.A. decided, in 1956, to arrange underground storage 
near Lacq for two reasons : it would act as a buffer supply 
in case of accident or when plant might be stopped for 
maintenance ; it would also assure to the installations a 
reasonably high average working rate in spite of fluctuations 
in consumption. 

Search undertaken in 1956 for a favourable geological 
structure succeeded after two failures. The first boring at 
Lussagnet took place in January, 1957, and a first injection of 
5 mill. cu. m (175 mill. cu. ft) took place from September to 
December. Work went on from 1958 to 1959, at the same 
time as the storage was being operated. At present, 23 
operating wells, 11 observation wells, five dehydration lines 
by the diethyleneglycol process, and compressing power of 
3,400 h.p. comprise the installation, which is capable of 
putting to stock 700 mill. cu. m (25 milliard cu. ft) of gas and 
assures maximum input and withdrawal flows respectively of 
about 2:5 and 5 mill. cu. m (90 to 180 mill. cu. ft) per day. 

Numerous tests done on wells, both when boring and 
operating, gave a good knowledge of the storage behaviour 
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and led to precise forecasts of its input and withdrawal 
capacities. The most remarkable characteristic of the 
storage is its great flexibility of operation, which allows 
frequent and rapid changes of flow. The volume of gas put 
to stock exceeded 500 mill. cu. m (17-5 milliard cu. ft). The 
storage has already played the part that was assigned to it : 
on the one hand, several important withdrawals have taken 
place during the gas unit maintenance stops ; on the other 
hand, the summer consumption graph troughs were evened 
out and had no consequential effects on the unit’s running 
rate. Above all, however, the storage has played a great 
part in neutralizing the effect of differences between produc- 
tion and consumption, without slackening of the Lacq 
deposit development programme. 


II INTRODUCTION 


Much has been said about the problems set by exploitation 
of the Lacq natural gas field. They were the particular subject 
of a Communication to the 96th Annual General Meeting 
of The Institution of Gas Engineers, in 1959.* Among these 
problems, some are specific to the deposit and, once they are 
solved, are merely of historical interest. Others, on the 
contrary, are of permanent interest because they might 
arise again when other deposits might be put into production. 

One of these problems, the marketing of natural gas, is 
already exercising the minds of European gas engineers as 
they look to the natural gas fields of the Sahara, which techni- 
cal surveys bring nearer every day; in fact, should this 
market be available too soon, if other fuels diminish rapidly 
and future natural gas consumers were prepared to use it, 
there could not immediately be an important absorption of 
energy. Nevertheless, the amount offered to the market is 
necessarily important, the more so since the source is so 
distant ; it is in these circumstances that the fuel has to be 
offered at acceptable prices. 


The Lacq gas, when it became available on the French 
market, did not escape this difficulty. To overcome it, 
S.N.P.A. applied various solutions, among them the technical 
one of underground storage. After reviewing the other 
solutions used, this Communication, written for technicians, 
will deal particularly with the Lussagnet underground 
storage. 


lif THE ESTABLISHMENT OF A FRENCH 
MARKET FOR LACQ GAS 


Production at Lacq started in April, 1957, since when 
it has always exceeded the immediate absorptive capacity 
of the market. Evidently, this situation is not uncondi- 
tional: the deposit resources being limited, production 
will not be able to rise above a certain level, even though 
the market be far from saturated. In two years’ time, and 
before the Saharan gas can relieve the situation, consumption 
will have caught up its leeway, and from now on one may 
consider the Lacq production sold. Meanwhile, this change 
* Putting to work the Natural Gas Deposits at Lacg. Fouchier, J., and Vicart 

M. Inst. Gas Eng. Comm. No. 543. 
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of circumstance could have compromised the field develop. 
ment if it had not been foreseen and neutralized. 


(A) REVIEW OF THE PROBLEM 


Before the Lacq deposit was discovered, at the end of 
1951, France had been perennially short of energy. This 
situation was not confined to France, since most Westem 
European countries shared this plight. Table 1 gives some 
energy data for that year. 


TABLE 1.—Energy Data for 1951. 











Needs Production | Deficit 
Country —— — | (Mill. tons 
equivalent) | equivalent) es. (Per cent) 
1 2 3 Cae 
France ar re 919 64-7 27-2 29-6 
Western Germany .. 143-2 } 123-2 20-0 140 
Bénélux - saw 54-9 43-0 11-9 21-7 
Italy .. an +! 31-0 14:8 16-2 52:3 
Total .. a 245-7 | 75-3 235 


By the beginning of production at Lacq, in 1957, the situa- 
tion had not improved. The French energy deficit represen- 
ted 45 mill. tons of coal equivalent, i.e., about 23 per cent 
of the Lacq reserves. 

These reserves may now be estimated, with reasonable 
accuracy, to be 200 milliard cu. m (7 trill. cu. ft), but at that 
time there was great uncertainty. This allowed optimists to 
put forward far greater estimates, which, in a climate of 
shortage, matched expectation, but at the same time engen- 
dered in those responsible for management of the deposit a 
certain prudence in drawing up the development scheme. 

It was planned to build a unit to treat up to 1 mill. cu. m 
(35 mill. cu. ft) of crude gas/day, and then a double-capacity 
unit based on operational experience gained with the first one. 
Eventually, by long-termsurveys, consideration was giventothe 
possibility of again doubling production, should the amount of 
gas discovered and the associated installation work prove 
favourable. It was quickly evident that the gaseous reserves 
allowed a more ambitious programme, and there was finally 
fixed a daily level of 20 mill. cu. m (700 mill. cu. ft), to be 
reached in 1963, so that each unit might benefit from ex- 
perience with the preceeding one. This time-table should 
also have allowed production to come on the market without 
too much difficulty, for its progress (1-1 mill. tons coal equiva- 
lent) corresponds to 23 per cent of that of French requirement 
in energy. The climate of shortage was so oppressive, how- 
ever, that these considerations were to some extent waived 
aside ; S.N.P.A. was twice required to hasten its development 
programme as quickly as possible and the first fully active 
year, fixed to be 1962, was later brought forward to 1961. 
Table 2 shows the growth of annual production, from 1957 
to 1961. 


Meanwhile, work had been in connexion with consumption 
outlets : market surveys and economic studies had been made 
since 1954, distribution networks constructed, contacts 
and contracts signed with consumers who ordered equipment 
adapted to the new fuel. Although these operations did not 
give rise to technical problems comparable to those met with 
in production, it was more difficult to expedite their solution, 
because of the multiplicity of interfering factors. 

Taking into account the necessary delay for the prepayment 


surveys and for supplying equipment, some manuf 
will not be able to use gas until the end of 1961 or even a 
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Taste 2.—-The Planned Growth of Production of Lacq Gas. 


Daily Production Yearly Production 





























Period (Mill. cu. m/day (Mill. cu. m 
| Raw Gas) | Commercial gas) 
= 2 3 4 
957. | + May 1-0 86 
March 1-2 400 | 
1958 
September 2:5 | 
* — | 
April 41 
1959 July 8-2 1,360 
December 10-3 
‘June 11-6 = 
1960 2,650 
December 13-0 | 
March 14-2 
1961 3,700 
October 20-0 


| 


late as 1962, several months after production should have 
reached its maximum. Lacq production, too, could have 
been delayed for several years; and the consequences could 
have been great. In fact, the capital charges borne by S.N.P.A. 
are heavy. Field equipment cost about N.F. 500 mill. 
(£35 mill.), the treatment plants about N.F.600 mill. (£45 mill.), 
and the distribution network about the same. Hence, the 
fixed assets, independent of plant operating costs, represent 
85 to 90 per cent of the total operating charges. Thus, a 
lessened production rate would have weighed heavily on 
production cost, which would quickly have become pro- 
hibitive as S.N.P.A. would have missed sales of gas by- 
products (sulphur, liquefied petroleum gas, and gasoline) for 
which the market is easier. 

To circumvent this threat, S.N.P.A. successfully used 
various techniques offered by circumstances or deliberately 


(B) SALES OF GAS IN SOUTH-WeEsT FRANCE 


Primarily, S.N.P.A. was lucky enough to find in a district 
near the deposit a relatively easy market. The Régie Auto- 
nome des Pétroles, which first discovered natural gas deposits, 
had for 15 years been exploiting the St. Marcet field, located 
about 150 km (100 miles) east of -Lacq. That company’s 
consumers had had time to assess the merits of natural gas. 
Consumption, which had been steadily growing each year, 
was in 1956 approximately as follows :— 


Mill. cu. m. 
Public supply .. "= rg wh 96 
Fertilizer-manufacturing industries .. 127 
Fuel for motor vehicles a ne 45 
Other industries o3 EF xs 38 


In view of its diminishing gaseous reserves, about 6 bill. 
cu. m (210 milliard cu. ft), R.A.P. could not satisfy new 
demands and, sooner or later, it could not have kept up even 
with the growing needs of its customers. The sales openings 
offered to production from the first Lacq unit were to hand 
through the installation of new pipelines to augment the 
distribution capacity of the network built by R.A.P. They 
were even sufficient to absorb part of the production (about 20 
Per cent) of the second unit as soon as it began in July, 1958. 
Having had a good pilot, S.N.P.A. achieved its first objective 
without too much difficulty. 


(C) Sates oF Gas To ELECTRICITY GENERATING STATIONS 


But difficulties arose at the beginning of the second stage. 
second production unit brought out about 2-4 mill. cu. m 
(84 mill. cu. ft) a day of purified gas, of which South-East 
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France took 40 per cent. The required sales outside the 
south-eastern region amounted to 1-5 mill. cu. m (52:5 mill. cu. 
ft) a day. At that time, only the gas main serving Nantes 
(Figure 1) had been completed ; the manufacturers and others 
served by this pipe could use immediately 0-1 mill. cu. m (3-5 
mill. cu. ft) of gasaday. The unit put into service would have 
run at only 40 per cent of its capacity if S.N.P.A. had not 
concluded a special contract with the public utility ‘‘Electricité 
de France’. According to this contract, E.D.F. was to use 
progressively each year one-third of the gaseous production. 
Tied, because of the range of its activities and the rapid 
growth of its production, to elaborate and precise equipment 
programmes over long, medium and short periods, E.D.F, 
could easily include in these the construction of thermal 
conversion sets working on gas, or equip existing sets with 
gas burners. E.D.F. completed this programme in time to 
absorb the gas as it became available. Thus, the Nantes- 
Cheviré electricity generating station was converted to gas 
firing as early as November, 1958, which allowed the second 
Lacq unit to be run at as high a rate as the technical exigencies 
allowed. The gas consumption capacity installed by E.D.P. 
is greater than the maximum gas volume reserved for it ; this 
arrangement allows, by transference from one station to 
another, greater flexibility in the development of consumption 
by other consumers, which does not follow the same pattern 
in all regions. The starting-up date of electricity generating 
stations capable of working on gas are given in Table 3. 


TABLE 3.—Electicité de France Generating Stations 
Equipped for Gas Firing. 











Cumulative 
Equipment Potential 

Stations Fired by : Commissioned | Consumption 

(Mill. cu. m) 
1 ae 3 4 
Nantes Mixed ‘Coal Fuel/ November, 1958 0-75 
Ambes ; Mixed fuel/gas August, 1959 1-5 
Artix I .. | Gas October, 1959 2:25 
Montereau I Coal/Gas November, 1959 3-0 
Arrighi Coal/Gas November, 1959 3-75 
Montereau II | Coal/Gas | April, 1960 45 
Artix Il . | Gas July, 1960 5-25 

Artix III .. | Gas 


January, 1961 6-0 


(D) TEMPORARY SALES 


The agreement concluded between S.N.P.A. and E.D.P. 
in some ways demonstrated a similarity in the production 
curve in the ratio 2 : 3, thus emphasizing the regulating effect 
of regular consumers in the south eastern region. However, 
this was not enough to equate production development and 
consumption. Figure 2 is a graph that shows only high steps 
for production, whereas the consumption scale shows many 
low steps. Since it is impossible to consume more gas than 
is produced, the second scale is always lower than the first, 
and there are inevitably troughs that need to be evened out. 
To achieve this, S.N.P.A. sought amongst its customers 
already being supplied any who might temporarily be able 
to use more gas than they might have contracted to take. 
A priori, this might seem strange, for ordinarily purchases 
correspond to needs ; however, in a newly commissioned 
works, a manufacturer might be pleased to engage in certain 
limited tests without committing himself to a long-term 
contract. 

Experience has shown that these supplementary supplies 
were possible, but to a certain extent limited ; in the past 12 
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FiGure 2.—Production and Consumption of Lacq Gas between 1957 and 1960. 
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months, they were made available during 262 days in all, with 
a maximum volume of 1 mill. cu. m (35 mill. cu. ft) aday and a 
yearly average volume of 508,000 cu. m (9-1 mill. cu. ft) a day. 


IV THE UNDERGROUND STORAGE 


All of these commercial measures would not have been 
sufficient to suppress all irregularities of progressive pro- 
duction. They had not the dominating effect of magnitude, 
nor flexibility, nor mobility ; moreover, they were not com- 
pletely at S.N.P.A. discretion. On the contrary, underground 
storage possesses all of these favourable characteristics and 
in these circumstances it played an original part such as had 
never before been expected of such an installation. Indeed, 
all of the underground storages in the United States of 
America and also those that were being constructed in 
Europe (Beynes (Gaz de France), Engelbostel (Ruhrgas 
A.G.) ) were located in zones of high gas consumption, and 
their essential function was either to meet seasonal peaks 
or to improve the utilization factor of long-distance 
distribution pipelines, which two functions were often 
complementary to each other. 


(A) HistoricAL REVIEW 


S.N.P.A. had followed with interest all of these applica- 
tions. As early as 1955, however, it foresaw that underground 
storage could also play a very different réle close to important 
natural gas production centres. From as yet very theoretical 
considerations, S.N.P.A. proceeded first to a commercial 
study of the possibility of underground storage near Lacq. 
The essential function of such storage was the securing of a 
gas supply such as would guarantee to consumers continuity 
of gas supplies in the event of accident in the production and 
treatment installations. The cost of this storage would be 
much less than that of a group of supplementary wells and 
a treatment unit, which would have guaranteed similar 
security. It was therefore decided, in 1956, to seek for a 
site suitable for the installation of underground storage. As 
well as providing the security function already described, this 
would allow continuous running of the production and treat- 
ment installations at as constant a rate as possible, in spite 
of variations in the seasonal and weekly consumptions of 

Of course, this réle as a regulator of supplies was 
liable to future offset if other storages were built at the ends 
of the main distribution lines in order to increase their annual 
capacity. However it would not disappear completely, for 
it would always be necessary to compensate the irregularities 
of gas consumption in the south-western region, for which, 
because of the structure and size of the local network, there 
is no question of establishing another storage. It was not 
until after the decision had been taken that another rdéle, 
transitory but important, appeared also to devolve upon the 
installation being laid out: that of allowing construction 
of the production equipment and the starting of the treatment 
units according to programme, giving S.N.P.A. a certain 
independence in its commercial obligations. This proved 
to be an additional justification of the decision taken to 
embark on underground storage. 


Except in two or three cases, all the underground storages 
developed up to this time had used hydrocarbon measures, 
operation of which had been abandoned ; there was none in 
France as yet. The others, particularly the two storages 
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in Europe, had been laid in water-bearing sandy formations, 
It was proper to seek a formation of this kind, taking into 
account several requirements. The first, indispensable and 
most evident, is the existence above the sandy layer of an imper- 
vious, continuous cover thick enough to ensure gas-tightness, 
The second, less obvious, requirement is that the sandy 
formation should be porous enough to ensure ample useful 
volume of storage, and permeable enough to call for a mini- 
mum number of operating wells to guarantee the servicing 
of commercial commitments. Other requirements, governing 
the location of the storage, are entirely economic in character : 
on the one hand, the storage must not be too far from the 
distribution network, else the cost of the connecting pipeline 
might be prohibitive ; on the other hand, the depth of the 
formation must be such, taking into account the distribution 
pressure, as to ensure that the total compression charges 
for injection and withdrawal are kept to an acceptable 
minimum. 


S.N.P.A. was in a favourable position to undertake these 
explorations. As a matter of fact, for more than 10 years. 
it had systematically explored the whole region and, though 
it had not discovered a bed other than that at Lacq, it had 
at least been able to locate and identify all the anticlines, 
either by drilling or by geological and geophysical campaigns. 
So was the preliminary exploration finished. The formations 
that seemed to offer favourable characteristics had again 
to be examined, beginning with the closest to the bed and 
following the South-North axis, which the main pipeline 
from the bed was more or less to follow (Figure 3), so as to 
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FiGure 3.—Investigation of Geological Structures Suitable for 
the Underground Storage of Gas. 
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ascertain the gas-tightness of the cover, with at least as 
much accuracy as would justify the financial risk of making 
an initial injection of gas. 

Exploration drillings began in July, 1956. The first two 
structures surveyed were abandoned after two drillings. The 
first Magenta, presented two theoretically possible storage 
locations. One of these, in the sands of the Upper Eocene 
system, was not deep enough and many clay-like intercala- 
tions led to doubts about the continuity of the sand stratum. 
The second of the two, in the chalky limestone of the Upper 
Cretaceous system, proved of moderate porosity, mostly in 
its upper part, which was a likely trap for considerable 
volumes of gas. The second drilling, Labrit, disclosed a 
chalky limestone storage similar to the Maestrichtian Level. 
The cores taken and the tests made on the two drillings 
disclosed a medium of very weak matrix permeability and 
with many widely scattered fissures. This condition, also, 
gave rise to considerable doubts about the possibility of a 
good recovery of gas placed to store. 


(B) EXPLORATION OF LUSSAGNET 


Exploration of the Lussagnet formation began in January, 
1957. This formation is situated 55 kilometers (35 miles) 
north of Lacq, less than 20°kilometers east of the original 
path traced for the Lacq—Angouléme main. The first two 
drillings, with continuous cores, disclosed at a depth of about 
600 m (200 ft) in the Lower Miocene stratum, the existence of 
a sandy level about 50 m deep and presenting favourable 
characteristics (Figure 4). The “ roof” was comprised of 
more than 300 m (1,000 ft) of compact marls with a few 
chalky intercalations ; the artesian pressure of the underlying 
water gave presumption of good gas-tightness, which presump- 
tion was confirmed by electrical operations inside the well. 
In the reservoir, the recuperation rate of the core-samples 
was very low (10 per cent on average), and practically nil 
in the clean sand zones, although the numerous data about 
the constitution of the layer were in the main provided by 
electro-diagraphs, which indicated clay-like intercalations, 
mainly in the upper part, and led to an estimated permea- 
bility of 3 or 4 darcies.* 

_ These first results justified the pursuing of the exploration 
in order to confirm the presumption of gas-tightness of the 
“roof” and to define the form of the anticline. It was 
decided to verify the presence of a north-west to south- 
easterly transverse pinch which the seismic study seemed to 
reveal, and which was likely to be a trap for too great a 
volume of gas. Three further drillings were therefore decided 
on, with a view to making, as quickly as possible, a first 
gas injection into the top of the anticline if the results were 
favourable. This was to obtain early knowledge of the be- 
haviour of the wells during injection and withdrawal, to adjust 
a piece of bottom equipment, and to make sure that the clay- 
like intercalations of the upper part of the storage were not a 
major disability. For this purpose, a 6 in. diameter pipeline, 
22 km (14 miles) long, was constructed and connected 
to the principal main (Lacq—Langon) of the local south- 
western distribution network. A surface station was quickly 
improvised and connected to four wells. It included a 200 
hp. motor gas compressor capable of pumping 400,000 
cu. m (14 mill. cu. ft) a day at 60 kg/sq. cm (850 Ib/sq. in.), a 
connecting station, a dust filter, an oil separator, three 
antipulsation columns, separate well gas meters, a manifold 
and a main gas meter. Finally, the collecting network was 
duplicated for injection of glycol into the wells. This station 
Was put into service in September, 1957. In December, 
5 mill. cu. m (175 mill. cu. ft) of gas was injected: the 
maximum flow was 200,000 cu. m (7 mill. cu. ft) a day from 


. 
I darcy = The Passage of 1 ce of fluid of 1 centipoise viscosity flowing in 1 sec 
under a pressure differential of 1 atmosphere through a porous medium 
having an area of cross-section of 1 sq. cm and a 


gth of 1 cm. 
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each well. Immediately it was made, a withdrawal test on 
800,000 cu. m (28 mill. cu. ft), at a flow varying from 100,000 
to 150,000 cu. m (3-5 to 5 mill. cu. ft) a day, confirmed the 
operating possibilities of the storage. A pressure stabilization 
test confirmed that there was no important leakage of gas. 


From this point, it was possible to go further; it was 
necessary to begin to take more important risks. Exploration 
of the storage could be continued only by injecting larger 
amounts of gas. For this, it was necessary to drill a large 
number of operating wells and gradually to equip the 
compression station. Simultaneously with increasing the 
gas volume in the storage, it was necessary to bore peripheral 
observation wells, so as to be able to verify the water interface, 
the gas-tightness of the “ roof”, and the behaviour of the 
storage. This last stage of exploration, which was also the 
beginning of operations, took place during 1958, at the end 
of which the storage position was as follows :— 


Volume injected : 118 mill. cu. m (4 bill. cu. ft). 
Installed compressing capacity : 1,100 h.p. 
Dehydration capacity when withdrawing gas: 1-2 mill. 
cu. m (42 mill. cu. ft) a day. 
Maximum injection capacity : 2 mill. cu. m (70 mill. cu. 
ft) a day. 
Number of borings : 20 operationally equipped. 
6 observation. 


The conclusions drawn from the work carried out during 
this year gave great incentive for future operations. 


The injection capacity for a well had gone from 200,000 
cu. m (7 mill. cu. ft) to 400,000 cu. m (14 mill. cu. ft) a day, 
and the withdrawal capacity from 150,000 cu. m (5 mill. cu. 
ft) to 300,000 cu. m (10 mill. cu. ft) a day, owing to a new 
(gravel-packed) filtering technique specially adapted to the 
high-delivery wells in sandy media of fine consistence. The 
tightness of the storage was not in doubt in spite of a north- 
west to south-easterly fault. This fault causes disappearance 
of the sandy storage at a singular point of the formation, at 
well LUG.23. At the other well locations, the storage depth 
is reasonably constant at about 40 to 50 m (130 to 160 ft). 


The boring of several wells in the top part of the storage 
led to the discovery of a fissured layer of localized limestone 
of high average permeability, which drains the storage gas 
under the caprock. The well LUG.18, situated near the 
centre of the formation, is completely in this layer and is a 
remarkable observation well, allowing a potential withdrawal 
of 300,000 cu. m (10 mill. cu. ft) a day. The clay-like inter- 
calations did not have very much effect on the progress of 
the prolonged tapping tests; they appeared as minor 
irregularities in water delivery (1 to 5 g of water per normal 
cu. m); (0:4 to 2:2 gr/cu. ft) from wells whose average water 
content is about 1-5 g per normal cu. m (0-7 gr/cu. ft). The 
effective porosity of the storage is greater in the lower part, 
and can reach 35 per cent. The permeability, influenced by 
the clay content, varies from a few tens of millidarcies in the 
clay-like zones to several tens of darcies in the clean sands. 


As already stated, porosity had to be calculated from 
electro-diagraphs. Due to the lack of experimental infor- 
mation, the values of the residual saturation were calculated 
from generally accepted statistics. Knowledge of these two 
factors, porosity and residual saturation, allowed an esti- 
mation of the storage capacity in relation to the average 
water/gas interface depth. 


In view of these results, one might be allowed to believe 
that the critical point had been passed and that one might 
proceed to the permanent equipment of the area of operation 
and of the surface station. 
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(Cc) EQuIPMENT 


The original scheme was planned for a withdrawal power 
of 4 mill. cu. m (140 mill. cu. ft) a day. The average with- 
drawal capacity of the wells experienced during the first 
tests having been about 200,000 cu. m (7 mill. cu. ft) a day, 
20 operational wells were to be bored. During the work, 
it was decided to bring the daily withdrawal capacity to 5 
mill. cu. m (175 mill. cu. ft). This was achieved with only 
23 wells, for productivity exceeded that planned, and went to 
more than 400,000 cu. m (14 mill. cu. ft) a day for certain 
wells. The sides of the geological dome being steep, a 
concentrated well lay-out was adopted, the theoretic distance 
between two wells being 150 m (500 ft). In this way, the 
wells are disposed over a land surface of only 0-5 sq. km 
(120 acres). Each borehole followed precisely the isogeo- 
bathymetric contour of the geological dome top, and the 
specific site of each well was fixed in the light of information 
gained from previous drillings. Moreover, it became evident 
that the dome side was softer in the south-eastern part of the 
formation, where porosity and permeability were higher 
than average ; this led to the drilling of three supplementary 
wells in this zone. 


Well completion being safer and easier when a well is 
under water pressure, it is important to equip operational 
wells located at the top of the anticlinal formation before the 
injected gas reaches them. So as not to delay injection, these 
wells had to be equipped as quickly as possible. It was 


nevertheless essential to verify the peripheral water-geqj 
before engaging in new capital expenditure ; consequently, 
drilling went on at accelerated speed. Four appliances wer 
allocated to this task, and as a result it was completed befor 
the end of 1959. The programme included also observatigg 
well drillings. The three last ones, bored at the end of 1959 
and the beginning of 1960, are in the few relatively permeable 
zones of the dome in order to be able to detect any gas 
leakage through the marls or along the wells. Such leakages 
could pressurize the upper zones of the dome, or create 
ruptures and threaten, progressively the security of the storage, 
The permanent control established by these wells revealed no 
pressure variation in permeable zones, which confirms in 
very reassuring way the perfect tightness of the dome. The 
eight other observation wells are located on the periphery 
of the formation and follow the water-level variations, 
(Figures 4 and 5). 


Simultaneously with the boring programme, well installa. 
tions were carried out working from the centre of the forma. 
tion to its periphery. As the storage sand beds are not 
consolidated, special care has to be taken to prevent sand 
from reaching the operational wells. The usual co 
method consists in lowering the casing into the 
cementing it into place and then perforating it to the 
height ; a filter is placed inside the casing to prevent a 
future sand entrainment. This method has the ad 
of allowing entry to the well with complete security ef 
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FicureE 4.—Field Map of the Lussagnet Site. 
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to change the filter, or to modify the depth of perforation. 
It was first tried with various types of filter, especially the 
“ Agusta” filter made of sand grains agglomerated by a 
synthetic resin. Results were not encouraging, for inevitably 
sand cavities were formed outside the casing holes when 
boring, and these sometimes became filled with cement to a 
substantial thickness. Perforation at right-angles through 
these solid masses was often insufficient, so that wells thus 
affected were low producers. 


The “ gravel-packing ” method was then adopted. (Figure 
6.) The 7 in. casing is anchored to the dome before boring 
into the bed. During this boring, zones presenting more 
favourable production characteristics are determined by 
electro-diagraphs ; the well bottom is resealed and the 
filtering area is enlarged to greater diameter (114 in.) with 
special tools. A 4 in. tube 20 to 30 m (65 to 100 ft) long is 
pushed down, the lower part used as a filter bearing vertical 
slits 2 mm (0-08 in.) wide. By reverse circulation, gauged 


sand is then injected around the filter chosen in accordance 
with the sand characteristics of the formation: 2 to 4 or 
3 to 5 mm (0-08 to 0°16 in. or 0:12 to 0:2 in.). After fixing 
the packing, the calcium carbonate slurry is replaced by water, 
and the tube is maintained in counter-pressure in order to 
circumvent any admission of gas ; when the well is completely 
installed, the last traces of slurry are eliminated by acidifica- 
tion. This method is quite satisfactory : no degradation of 
the reservoir bed in course of working is to be feared, since 
the stratum is perfectly maintained by the gravel of the 
filtering mass, which, owing to its size and permeability, 
assures to the wells outstanding productivity. However, 
the carrying out of this technique is more delicate than that 
of the first method, and it demands, especially in a reservoir 
under partial gas pressure, very special skill and care. 

In the interests of safety, 4 in. tubing only is used for injec- 
tion or withdrawal, the annular space between the tubing and 
the casing being filled with water under a pressure of 30 


FiGure 5.—View of the Lussagnet Site. 


1.G.E. Journal—May, 1961 








304 


THE ESTABLISHMENT OF A 





kg/sq. cm (425 Ib/sq. in.). At the same time, precaution 
against the risks of eruption or leakage of the casinghead 
valves is ensured either by “‘ storm-choke” type devices, 
which seal the tubing if the output goes beyond 480,000 
cu. m/day (17 mill. cu. ft/day), or by hydraulically operated 
ball safety valves. The casingheads (Figure 7) are provided 
with constricting nozzles followed by cyclonic separators 
that retain the water as droplets and enable any entrained 
sand to be detected. (Figure 8.) This separator is surmoun- 
ted by a plastic microfilter for the precipitation of water mist 
as droplets. From the outlets of the separators, tappings 
lead to orifice meters that allow frequent examination of the 
varying characteristics of the wells without interfering with 
the working of the storage installation. 

It is essential to circumvent the formation of liquid methane 
when putting a well into service in cold weather. The 
reservoir being at a temperature ranging about 35°C (95°F), 
continual withdrawal of gas maintains the casinghead at a 
temperature higher than 20°C (68°F). When, however, 
withdrawal is resumed in cold weather after a prolonged 
spell of inactivity the temperature in the casinghead can fall 
lower than 16°C (61°F), and in this case the formation of 
hydrate can be very speedy and result in the well being 
completely sealed. In order to eliminate this risk, the 
collecting network has been duplicated in 3 in. tubing to 
allow by centralized control sudden injection of glycol at 
the outlet of the water separator of each well; the glycol 
injected for the initial withdrawal is entrained with the gas 
and recovered at the junction of the collecting network. 
Till now, the effectiveness of glycol injection has been 
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adequate ; even so, provision has been made for dire 
injection of methanol into the tubings. This solution wa 
preferred to reheating of the casingheads, which proved im. 
practical as to the provision of hot water, or incompatible 
with safety requirements in the case of heating by electricity, 


In view of the rather small area of the field, it has beep 
possible to adopt for the collecting network a radial arrange. 
ment that gives great flexibility of operation. Each well is 
connected by a 3 in. or 4 in. pipe to the central manifold, 
to which its divisional meter is transferred. (Figure 9.) 4 
double set of valves allows simultaneous withdrawal of gas 
from some wells and injection of gas into others. In normal 
operation, the casinghead is open and it is necessary only to 
make one adjustment in the manifold to put the wells into 
service. 


French regulations governing the distribution of natural 
gas prescribe a dew-point below —15°C (5°F), which is 
equivalent to a maximum amount of 50 mg of water per 
cu. m (0-02 gr/cu. ft). The amount of water in the gas 
withdrawn at the outlet of the casinghead separators being 
higher than this, the gas must be dehydrated before being 
passed into the pipelines. The equipment installed to do this 
simply atomizes the diethyleneglycol in a small-diameter 
receptacle (10 in.) and can treat 1-2 mill. cu. m (42 mil, 
cu. ft)a day. Particularly simple and strong, this equipment 
is very easily put into service and offers no risk of contami- 
nation by entrainment of liquids. 


The compressive power necessary for an output of 1 mill 
cu. m (35 mill. cu. ft) a day is less than 500 h 
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FiGURE 6.—Method of Filtering by Gravel Packing. 
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icularly favourable characteristic results from the fact 
that the distribution pressure when leaving Lussagnet is 
about 60 kg/sq. cm (850 Ib/sq. in.) whereas the pressure in 
the reservoir varies between 58 and 65 kg/sq. cm (825 to 
925 Ib/sq. in.). Taking into account the loss of head in the 
surface equipment, the collecting network, the tubes and 
the filters, the extreme compressive and suction pressures 
are respectively 72 and 45 kg/sq. cm (1,020 and 640 Ib/sq.in.). 

The essential utilization characteristics of the installed 
power are the low working rate (about 1,500 hr/year) and 
the liability of maximum power to be demanded at any 
moment. In the circumstances, a mixed installation has 
been adopted, comprising two high-power compressors with 








synchronous electric motors to work on 5,000 V, chosen 
for their flexibility and easy starting, and two 1,100 h.p. 
self-acting gas compressors, chosen for their sturdiness and 
operational independence. (Figure 10.). 

The compression cylinders of the units generally used for 
injection are fitted with non-lubricated pistons with carbon 
rings. It is indeed important that no lubricating oil should 
find its way into the filters of the wells to form a third phase 
that would make flow in porous media very difficult. Un- 
fortunately, the carbon rings require to be changed rather 
often and, consequently, trials have been undertaken with 
water-soluble lubricants that are either an oil with added 
emulsifiers, or polyethyleneglycol. 





FiGuRE 7.—Casingheads. 
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FiGure 9.—Central Manifold Station. 
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FiGure 10.—T7he Compressor Unit at Lussagnet. 


FiGuRE 11.—General View of the Surface Installations at Lussagnet. 
LG.E. Journal—May, 1961 
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FiGure 12.—General View of the Surface Installations at Lussagnet. 
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An emergency device provides for simultaneous closure 
of the wells, the isolation of the station and the relief of the 
ipeli Controls for this operation are dispersed to several 
of the station, so that it can always be carried out in a 
very short time. Figures 11 and 12 give an idea of the whole 
installation diagrammatically shown in Figure 13. 
Connexion with the distribution system was carried out 
economically. The storage station is, in fact, located 
only 20 km (12 miles) east of the Lacq—Angouléme axis, 
along which the principal main (24 in.) of the system was to 
have been laid. The quick carrying out of the works and 
tests made it possible to bring Lussagnet into service before 
this main was laid, as a result of which it became possible to 
re-route it eastwards. The extra 5 km (3 miles) proved 
much less costly than the laying of a joining main of 20 km 
(12 miles), even though it were of smaller diameter. The 
development of operations from the first surveys to the end 
of the project is summarized in Figure 14. 


(D) OPERATION 


The favourable features that had determined the choice 
of the geological formation at Lussagnet for underground 
also made equally possible very rapid availability 

of the installation for service. The working of the storage 
has practically never been interrupted since the first injection 
tests late in 1957 even though the drilling, the equipping of 





the wells and the construction of the surface installations have 
been carried on ceaselessly. In spite of the hazards inherent 
in such an undertaking, only one notable incident happened. 
In April, 1958, during the completion of well No. 11, it 
became prematurely filled with gas owing to an abnormal 
movement of the water level, and an eruption happened, 
which, fortunately, did not last long and had no effect on the 
stability of the well. This well was put into service and has 
behaved normally from that time. 

As can be seen in Figure 15, which shows the cumulative 
volume of gas placed to store in the reservoir, the monthly 
balance has been negative only four times—in December, 
1957; May, 1958; November, 1959, and May, 1960. 
In fact, the withdrawals have not been as few as one might 
conclude from this, but they have usually been rather limited 
and exceeded by the injections, as is illustrated by Figure 16, 
which shows the volumes of gas put to store and withdrawn 
each month. 


The first three years of operation of the storage, which are 
just completed, have thus been characterized by a continuous 
increase of the volume being stored ; the rate of this increase 
has changed several times, and one can distinguish, roughly, 
four periods. The first one, from October, 1957, to May, 
1958, forms the testing and starting step ; the increase of the 
stock has been, on average, 2 mill. cu. m (70 mill. cu ft) a 
month, and the rate of injection has not been more than 






































ay ae. x. 
1 
| 1} |? 
ce | J the 
) | § | GISGR) § 
i  : 
7 i 
| ff 
| + 
=p wl Ls, - ~ 
‘ 9 
) [2] 
(I) Manifold. (2) Dehydrator. (3) Mains Meter. (4) Glycol Injector. 


(8) Test Meter. 


(9) Glycol Regenerator. 

















Conduites principales : Gas mains 
— — — — Installation dessai 
Réseau glycol : Glycol pipes 


> Test installetion 


(5) Gas Compressors. (6) Filter. 
(11) Well-head Meter. 
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Ficure 13.—Layout of the Surface Installations at Lussagnet. 
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Establishment of Lussagnet Site : 


(i) Boring of five wells. 
(ii) Water Testing. 
(iii) Equipping of wells. 
(iv) Seismic investigation. 
(v) Five observation borings, 
(vi) 15 operational borings. 


(vii) Boring of seven observation wells, 
(viii) Bering of five operational wells, 


Filling of storage. 


(D) Assembly and Installation of Station : 


(1) Temporary station (7 mill. cu. ft/day) under 
construction. 

(2) Test injection of 175 mill. cu. ft/day. 

(3) Withdrawal test of 28 mill. cu. ft/day. 

Surface,station (6-3 mill. cu. ft/day). 

Ne Electrical compression—950 h.p. 

(5) Dehydration. 

(6) Assembly of 12 wells. 

Extension of station: 

(7) Two compressors—|,000 h.p. 

(8) Dehydration increased to 210 mill. cu. ft/day 
capacity. 

(9) Assembly of further 24 wells. 


FicurE 14.—Planned Development Time-table for Lussagnet Underground Gas Storage. 
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Ficure 15.—Volume of Gas Stored Underground at Lussagnet between 1957 and 1960. 
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Ficure 16.—Monthly Input and Withdrawal of Gas at Lussagnet Underground Storage between 1957 and 1960. 
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200,000 cu. m (7 mill. cu. ft) a day. That period was com- 
pleted by two months of observation (June and July) during 
which no gas was either injected or withdrawn, and the 
development of the bottom pressure was observed in order to 
confirm the presumptive tightness of the dome roof. The 
second period, from August, 1958, to February, 1959, 
marked the beginning of normal operations with a monthly 
average increase of the stock of nearly 20 mill. cu. m (700 
mill. cu. ft) and a maximum injection rate of 1-5 mill. cu. m 
(52:5 mill. cu. ft) a day. The third period, from March to 
October, 1959, was a period of intensive development ; 
the equipment of the storage plant had already been carried 
out in a great measure and made it possible to increase the 
yolume of gas stored from 120 to 380 mill. cu. m (42 to 
13-3 milliard cu. ft), that is, an average increase of 32 mill. cu. 
m (1-1 milliard cu. ft) a month, the rate of injection varying 
between | and 2:6 mill. cu. m (35 and 90 mill. cu. ft) a day. 
The last period, which began by the withdrawal of 25 mill. 
cu. m (875 mill. cu. ft) in November, 1959, was characterized 
by a decrease in the rate of injection, which had been on the 
average about 18 mill. cu. m (630 mill. cu. ft) a month, but 
followed a curve much less regular than during the preceding 
period, with a level portion({March, 1960) and two descending 
portions (November, 1959, and May, 1960); during this 
period, the maximum rate of injection was seldom more than 
2 mill. cu. m (70 mill. cu. ft) a day. At the time of preparing 
this paper, the volume of gas in the reservoir was more than 
500 mill. cu. m (17-5 milliard cu. ft) ; which represents nearly 
40 days of Lacq production at maximum rate and more than 
50 days of production at the present rate. 


This experience over three years has shown that the opera- 
tion of the storage reservoir is outstandingly flexible. The 
starting of the electric compressors, which are adequate 
when the intended rates of injection or withdrawal are not 
more than 2 mill. cu. m (70 mill. cu. ft) a day, is instantaneous. 
The starting of the automatic compressors requires about 
25 min., which time is reduced to less than 15 min. if it has 
been possible to keep the lubricating system and the master 
cylinders warm. The casinghead valves are maintained open 
on about 10 wells for which control, from the central manifold, 
is thus practically instantaneous. The bringing into service 
of supplementary wells requires from 20 to 25 min. The 
operators who bring the wells into service are connected by 
wireless with the control-room,-so that starting up is swift 
and precise. Dehydration can be started in minutes ; only 
the regeneration of the hydrated glycol requires a longer time 
{about | hr), but a small stock of glycol is enough to circum- 
vent this. These characteristics have very often made it 
possible to vary the working conditions of the storage, up 
to more than 10 times in 24 hr., and to maintain this pressure 
of delivery into the distribution system practically constant, 
with a tolerance of 1 kg/sq. cm (14 Ib/sq. in.). It has even 
been possible to proceed unexpectedly from injection to 
withdrawal in less than 30 min. Besides, all the tests can 
be effected on an isolated station and without any loss of 
Zas, since it is possible to reinject the gas by a well as it is 
drawn off from another. 


The easy working up of the installations has made it possi- 
ble to staff the station with very few people: nine men 
working three 8-hr. shifts (i.e., two for the wells, one for the 
Station), three foremen, two clerks and three unskilled 
labourers, say about 20 people under an engineer head of the 
team. 


Knowledge of the precise possibilities of storage implies 
that of the behaviour of the reservoir during injection and 
withdrawal. Many tests have been made to thisend. Their 
Part is especially important during the period of building 
up of the stock, because they allow completion of the explora- 
tion of the formation, effected by seismic techniques and 
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drillings, and they quickly detect the smallest abnormality 
liable to endanger the security of the storage. They also 
provide a basis for decisions on equipment and the anticipa- 
tion of future working conditions.’ They can be classified 
according to their periodicity and nature. 


Daily rounds of supervision include pressure measurements 
on pilot wells chosen because they are representative of the 
average phenomenon. Some are in gas and give the average 
value of the gas pressure in the reservoir ; others are com- 
pleted in the chief zones of the water-bearing stratum. It 
is also checked that there are no leakages on the casingheads, 
especially in the annular spaces between the casing and the 
tubing and outside the casing. 


The chief periodic testings are as follows :— 


(1) Of the height of the water level in the chief zones of 
the formation, in order to follow variations of the 
water/gas interface. 


(2) Of the distribution of head losses between the reservoir, 
the filter and the tubing ; this test is effected by measur- 
ing the pressures at the head and the bottom of the 
well with an Amerada apparatus. The correlation 
of the measure from one well to another is also 
investigated. 


(3) Of the bottom temperature. This measurement makes 
it possible to detect completion leakages and, possibly, 
the existence of chemical reactions in the formation. 


(4) Of the tightness of the “ roof”’’, by measurement of 
pressure and the taking of samples in wells completed 
in the permeable zones included in the “ roof” or 
that are above it. 


Finally, the following occasional or exceptional tests 

are also made, or could be made :— 

(5) In withdrawal periods, measurement is made of the 
amount of water and, eventually, of any kind of im- 
purity in the gas withdrawn. 

(6) Two periods of interruption of any operation have been 
observed to check the stability of the bottom pressure 
and follow the movements of the water level. At the 
end of these periods, the speed of rising of the water 
level is a function of the diffusion of gas in the less 
permeable upper portion of the formation, and, 
eventually, from leakage through the “roof”. Indi- 
cation is thus obtained of the upper limit of the possible 
leakage output. In order that the results of such a 
test may be significant, the time of interruption must 
be long enough, more than the hysteresis period of 
the phenomena, that is, at least onemonth. Therefore, 
this test cannot be made often, since it would interfere 
too much with the working. 

(7) If leaks were detected in a well, their seat could be 
located by several means that are conventional in 
petroleum technique: radioactive tracers, thermo- 
metry, perforation followed by a flow test. 


All these observations have given a great deal of information 
about the characteristics, static or dynamic, of the reservoir. 


During the initial injections, the evolution of the bubble 
of gas has been used as evidence of irregular traversings 
around the clay-like intercalations located in the upper 
part of the reservoir. Later, the evolution of the pressures 
and of the height of the water/gas interface has revealed the 
existence of two barriers of permeability, one north-east of 
the formation, the other following the north-west fold. 
These barriers define three zones in which the conditions of 
pressure very appreciably differ. 


The kinetics of the variations of pressure during injection 
have been analysed in detail. These variations result from a 





number of pressure head losses of varying magnitude and 
are of importance in relation to time. 


(1) At the bottom of the weil, the head losses in the filter 
and its immediate surroundings are generally rather 
small, but they can be notably increased if any clay that 
might be entrained in the course of a high rate of with- 
drawal clogs the mass of gauged sand ; this drawback 
has been overcome by treating the filtering masses 
with hexametaphosphate or hydrochloric acid. Besides, 
these head losses tend to decrease as the gas bubble 
at the bottom of the well grows larger. 


(2) In the part of the reservoir that contains gas, head 
losses remain small (less than | kg/sq. cm (14 Ib/sq. 
in.) even with high injection rates. 


(3) Head losses in the water near the water/gas interface 
can reach several kg/sq. cm during long-continued 
injections, the resistance to water being much higher 
than the resistance to gas. 

(4) Finally, the displacement of the water at great distance 
induces, after variable periods of time, head losses 
whose importance is difficult to forecast, the effects 
of inertia being preponderant owing to the masses 
set into action—injection of 5 mill. cu. m (175 mill. 
cu. ft) displaces about 100,000 tons of water—and 
to the low compressibility of water ; pressure varia- 
tions in the water-bearing stratum are significant 
over more than 100 km (60 miles). 


The phenomenon observed during high-rate injection is 
thus the aggregate effect of several phenomena with different 
periods and amplitudes. An increase of pressure is first 
produced, according to Boyle’s law applied to the greater 
part of the stock of gas. Afterwards, displacement of the 
near water content of the bed begins, which decreases the 
pressure gradient in the gas. The pressure wave is propa- 
gated in the water-bearing stratum and induces slow displace- 
ment of the water from the centre towards the periphery. 
The pressure gradient in the water-bearing stratum has been 
measured when the volume of gas in place was 500 mill. 
cu. m (17-5 milliard cu. ft) : its value is 0-8 kg/sq. cm (11 Ib/sq. 
in.) for a long-continued injection rate of 1 mill. cu. m (35 
mill. cu. ft)a day. When injection is terminated, the pressures 
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tend to stabilize at substantially their initial value, which 
means that the surface of the water-bearing stratum is practi. 
cally boundless. 


As the reservoir fills and, thus, the water/gas interface 
lowers, the gas pressure increases : the gradient is | kg/sq, 
cm for a fall of 10 m of the water level (0-43 Ib/sq. in./ft), 
From the data obtained concerning the shape of the formation 
and the porosity of the sands, it had been calculated that the 
water/gas interface would lower 75 m when the volume of 
gas in place is | bill. cu. m (35 milliard cu. ft). In fact, the 
rate of fall of the water level exceeds these anticipations by 
about 20 per cent. 

The gas pressure must not exceed the breaking pressure of 
the “‘ roof”, allowing a sufficient margin for safety. This 
breaking pressure depends on the weight of the overlying 
formations, the possibilities of movement for the gas under 
the caprock and the capillary pressure of displacement of the 
water in the marls. The maximum allowable has been fixed 
at 65 kg/sq. cm (925 lb/sq. in.). The layer pressure in the 
reservoir has increased from 57 kg/sq. cm (810 Ib/sq. in.) 
at the beginning of the operations to 63 kg/sq. cm (900 
Ib/sq. in.) for a stored volume of 500 mill. cu. m (17-5 milliard 
cu. ft). The kinetic excess pressure due to the head losses in 
the gas or in the water during injection cannot exceed about 
2 kg/sq. cm (25 Ib/sq. in.). The rate of injection is, then, 
limited by this consideration ; the limit, which is currently 
about 2 mill. cu. m (70 mill. cu. ft) a day, asymptotically 
tends towards zero when the stored volume increases, which 
gives to the reservoir a practical maximum capacity of about 
700 mill. cu. m (25 milliard cu. ft), appreciably lower than the 
geometric limit, which has been estimated at about | bill. 
cu. m (35 milliard cu. ft). This comparison well illustrates the 
fact that underground storage can be contemplated only ina 
dynamic context, and shows that, if this were to be forgotten, 
one would run the risk of making the greatest mistakes. 


The maximum rate of withdrawal depends also on the stored 
volume. It decreases when the water level rises again, and 
there is the risk that it will reach the filters ; this risk is 
increased by the fact that the water is entrained with the gas 
and forms a cone at the bottom of the well, the action of the 
cone increasing with the rate. The possibilities of pro- 
longed withdrawal have been calculated according to the 
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Figure 17.—Potential Input and Withdrawal of Gas at Lussagnet Underground Storage. 
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characteristics of the reservoir. It is estimated that, from a 
stock of 500 mill. cu. m (17-5 milliard cu. ft), it would be 

ible to withdraw continuously between 5 and 6 mill. cu. m 
(175 and 210 mill. cu. ft) during the first month and between 4 
and 5 mill. cu. m (140 and 175 mill. cu. ft) during the second 
month ; afterwards, the rate would tend asymptotically to 
zero, the stored volume itself tending towards a finite limit 
corresponding to the gas kept by the water in the voids of 
the sand or trapped in the upper layers of the reservoir. It 
has not been possible till now to verify these calculations 
experimentally, because the periods of withdrawal have always 
been short and the volume continuously withdrawn has 
never been more than 10 per cent of the stored volume ; 
however, the rate of withdrawal has on several occasions 
reached 4 mill. cu. m (140 mill. cu. ft) a day, and it has been 
possible to ascertain that, at this rate, the reservoir was still 
appreciably inside its potential. Figure 17 gives an idea of 
the injection and withdrawal flow variations as a function 
of stock volume. 


To conclude these observations on the tests carried out at 
Lussagnet, it should be stated that no upward motion of gas 
through the “roof” has occurred, and that no chemical 
reaction has been detected ‘in the reservoir. In short, opera- 
tion of the reservoir has not disappointed the hopes that had 
been placed in it, and it has suitably played its part. 


This part has been what had been anticipated when it was 
decided to investigate underground storage, but much more 
what was later thought to be possible in the course of planning. 
Comparison of Figures 2 and 15 shows indeed that the gas 
withdrawals of November, 1959 (30,000 cu. m (1 mill. cu 
ft)) and of May, 1960 (25,000 cu. m (875,000 cu. ft)) have 
evened out production troughs, due to unit overhauls, and 
that, generally speaking, the injected volumes have been 
higher in summer than in winter. The most striking finding, 
however, is that the conditions of operation of the storage 
have been the direct result of the phase difference between 
production and consumption, the monthly injected volume 
increasing abruptly at each putting of a unit into service 





(October, 1958; May, July and December, 1959; June, 
1960), to decrease progressively afterwards. This buffer 
effect is to be continued till the end of 1962. Afterwards, 
the storage will maintain its two ‘permanent functions of 
helping production and regulating discharges in South-West 
France. The volume of stock necessary to ensure this will 
on average range about 400 mill. cu. m (1:4 milliard cu. ft), 
sufficiently below the maximum capacity to ensure instan- 
taneous, satisfactory performance of injection and withdrawal. 


V CONCLUSION 


Development of the Lacq natural gas field has been able 
to progress as rapidly as the French energy shortage de- 
manded, though conversion to natural gas by manufacturers 
and the public utilities has proved less rapid than had been 
anticipated. To comply with the programme of contracts 
entered into with public authorities, Société Nationale des 
Pétroles d’Aquitaine has most certainly profited from favour- 
able circumstances : St. Marcet gas prepared the way for 
Lacq gas; production of electricity at one stroke cleared 
one-third of the initial production. The work that still 
remained was not less considerable and can be very concisely 
summarized by recalling the amount of the investments 
involved in four years from the equipment of the production 
field and the construction of the processing units—1,100 mill. 
N.F. (£80 mill.). The result of this work, however, amply 
exceeds the amount of the investments; it includes also 
considerable experience gained in every sphere by the staff 
of the Company. Finally, there is, for some hundreds of 
engineers, and technicians, the joy of having laboured to- 
gether in the fulfilment of a great enterprise. 


PRESENTATION, DISCUSSION AND REPLY 


Presentation 


_ Monsieur J. Dhuin presented this paper and summarized 
its contents. 


Discussion 


Dr. A. E. Haffner (Southampton):—At the 96th Annual 
General Meeting, the Institution was given the exciting story 
of putting to work the natural gas deposits at Lacq, and on 
that occasion Monsieur J. Fouchier and Monsieur M. Vicart 
gained full attention for their amazing account of how the 
engineers concerned overcame fantastic physical difficulties by 
ingenuity, courage and tenacity.* 

Institution members have listened more calmly, but with 
no less interest, to this paper, by Monsieur J, Dhuin and 
Monsieur L. Socrate, about the establishment of a market for 
natural gas. It is surprising to find that there is a problem 
of disposing of the heaven-sent natural gas. Britain would 
be glad to have the problem. Here, searches for natural gas 
have been rewarded very trivially, and when one hears of the 
Success stories of natural gas in a growing number of coun- 
tfles it is necessary to purge the mind of envy, and devote 
oneself to studying alternative possibilities of gaining the bene- 
fits of natural gas supply. 


It is noteworthy that Lacq gas is now considered as ear- 
marked and sold and that gas from the Sahara is already being 


* See Putting to Work the Natural Gas Deposits at Lacq. Fouchier, J., and 
Vicart, M. Inst. Gas Eng. Comm. No. 543. 
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considered to enable production potential to keep ahead of 
demand. The colossal rate of increase shown in Table 2 can 
be made a little more graphic if it is noted that in 1957 Ports- 
mouth could have been supplied, in 1958 the Southern Gas 
Board; in 1959, to the Southern Gas Board, the South Eastern 
Gas Board could have been added; in 1960, even the North 
Thames Gas Board could be included, and, in 1961, the South 
Western Gas Board could be added, which accounts for nearly 
half the British gas consumption; all this for an investment, 
including mains, of £125 mill. The rapid and early exploitation 
of this capital investment was soundly planned. 


The need to absorb the growing output was met by reviving 
a nearby fading natural gas system, by fueling power stations, 
and, curiously enough, by supplying the cushion gas of the 
Lussagnet anticline. The details of Lussagnet are of great 
interest because of the possibilities of underground storage 
in this country, to which Sir Harold Hartley has referred.* 
As an underground storage system, Lussagnet is a charmer: a 
tight cap rock, a thick storage stratum of high permeability 
and porosity, a steep-sided anticline giving a concentrated . lay- 
out of wells near to the gas pipelines where gas is at a pressure 
of the same order as that of the storage pressure, which is 
determined by the geological factors. 


The progress chart (Figure 14) and the gas movement chart 
(Figure 15) are most interesting to study. In 1956, two abortive 
surveys were carried out elsewhere, but, in 1957, the first well 


* J. Inst. Gas Eng., 1961, 1, 3. 
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was sunk at Lussagnet and within the same year gas was 
injected and even a trial withdrawal took place. Did the pre- 
vious geological surveys decisively prove the presence of an 
anticline and locate the geological fault? If not, the filling 
of gas into the first well showed great confidence. Perhaps, 
however, with natural gas available in quantities greater than 
can be quickly sold, one may be a bit reckless in putting it 
underground. It is interesting to note, also, that, even as 
the storage system was being developed, gas was being injected 
and even a little released. This carried with it certain hazards, 
but the well No. 11 incident does not seem to have done any 
harm. 


The fact that gravel-packed filtering technique enabled 
the output per well to increase to 10 mill, cu. ft/day has put 
the withdrawal capacity higher than the gas drying capacity 
and higher than is needed if all wells are to be in action on 
a peak withdrawal day. If the authors were to redesign the 
system, knowing that these filter techniques are so effective, 
would they have chosen a smaller number of wells? Incident- 
ally, the gravel-packing method was greatly praised by Mr. 
Alexandrov when he discussed with me Russian developments 
in underground storage. 


Figure 17 indicates that about one-third of the total amount 
of gas stored is cushion gas. If the gas were to be withdrawn 
for supply to a pipeline system at about one quarter the 
pressure of the Lacq gas pipeline, would the authors have been 
content to have a lower proportion of cushion gas? It is 
appreciated that the compressors not only compress into the 
anticline, but can also be used to compress the withdrawn 
gas into the gas pipeline. 


One could be faced with the alternative of storing rich gas 
or town gas. Hamburg chose storage of rich refinery gas, 
which happens to be of a composition that lends itstelf to 
reforming to town gas in continuous autothermic reformers of 
relatively low capital cost. Lussagnet stores, in effect, finished 
gas derived from the extensive treatment of Lacq gas, and is, 
therefore, ready for further peak-load distribution with no 
further treatment than dehydration. 


There is sufficient information in the paper for one to calcu- 
late the approximate costs of storage. These costs are only 
accepted because of the savings that result. Can the authors 
give some indication of their calculated costs and their 
estimated savings when carrying out its ultimate function? 


The authors refer to the need to avoid the entrainment of 
piston lubrication oil with the gas stream because it fouls 
the porous medium in which gas is stored. They therefore 
chose carbon rings without lubrication, but, after trouble with 
them, they are considering emulsion lubricants. Have the 
authors considered precision crosshead guided compressors, 
which use neither lubricating oil nor carbon rings? Such com- 
pressors are available for higher pressures though of lower 
capacities, and of higher capacities though at lower pressure. 
Between these extremes, a compressor could be designed or 
developed to suit the needs of underground storage systems. 


To gas engineers interested in this subject, new thinking is 
necessary. They appreciate the logical account of the 
mechanism of injection and withdrawal and will take heed 
of the authors’ warning that underground storage processes 
are essentially dynamic and that static conception would be 
misleading. 


The authors have provided a wonderful success story; it is 
full of practical details that will be studied closely by those 
who are, or may become, interested in this important field. 
Between the French and British gas industries there has always 
been an entente cordiale with a constant readiness to help each 
other. The story presented so effectively of the fulfilment of a 
great enterprise has earned our warmest admiration, and the 
authors have made the entente even more cordiale than ever. 


Dr, J. Burns, G.M. (Deputy Chairman, North Thames Gas 
Board): —As a member of Council of the International Gas 
Union, I appreciate the very great degree of collaboration 
which exists between the professional bodies in all the various 
countries associated with the Union, and nowhere does one get 
greater collaboration than in France. 
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The authors have a great success story to tell—success of 
which we are, perhaps, a little envious—with vast supplies of 
natural gas now available to them for the manufacture of town 
gas. 

Let us take a look and see what the French gas industry 
has done with its new raw material. In its case, it was not able 
immediately to displace established methods of gas many 
facture by this new gas, and straight away it had to find new 
markets. In the first phase of operation, 40 per cent of this 
new market was found in the chemical industry, 30 per cent 
in additional public supply, 15 per cent found its way into the 
motor fuel market, and the remaining 15 per cent to other 
industries. 

What would be the situation in this country, if we were 
fortunate enough to be provided with supplies of natural gas 
and, obviously, any provision of natural gas would be on a large 
scale? 

The chemical industry over here is buying oil and light spirit 
at approximately 5d./therm, and it is probable that it would 
be prepared to pay but very little over this for the added 
advantage of natural gas. Looking at other industries, large 
quantities of oil and coal are used in the great cement industries 
in Kent and Essex, and, in fact, there is sufficient fuel used there 
to keep a large ocean-going tanker carrying liquid methane in 
full operation, but the fuel in use in the cement industry again 
costs 5d./therm, or less, and, in so far as this fuel is not 
necessarily required to have all the advantages of control of 
natural gas, it is probable that the heavy industries using it 
would not wish to pay much more than 5d./therm. 


There are other similar examples, but all this leads one to 
the conclusion that any large availability of natural gas would, 
in the first place at least, have to be used to displace gas made at 
the present time by conventional and established methods. There 
is, of course, plenty of room for the displacement of gas pro- 
duced by established methods at its present cost of production. 
There are marginal industries, which at present use oil or other 
fuel, which would benefit from the greater controllability of 
gas, and we could expect minor initial markets there. But our 
biggest expectation would be the displacement of coal and other 
forms of fuel for domestic purposes. 

Our biggest difficulty might lie in the difference between the 
summer and winter loads on the domestic market, and it con- 
stitutes a very great problem in establishing a new supply of 
natural gas. Underground storage at the right cost would 
largely remove that difficulty, but, until such time as such 
storage is established, the industry must find other means to 
equate the supply of natural gas in the summer time and in 
the winter time. An obvious answer is to try to seli more gas 
in the summer time; there would, undoubtedly, be some mn- 
dustries that would be prepared to use more gas in the summer 
time, at a proper price, than they do in the winter time, and 
this is a field which calls for further exploration. 

The other possibility lies in using a different raw material 
for reforming in the winter time from that used in the summer 
time. Natural gas could be used both for the production of 
lean gas as the enriching material in the summer time, but in 
the winter time and on that same plant the lean gas could be 
produced from light spirit with enrichment by natural gas. 
The storage problems for light spirit are, of course, easily over- 
come, and in this way one could improve the relativity of out- 
put between summer and winter. 


We have still a great problem confronting us on the use of 
underground storage, should such ever become available. Do 
we store rich gas or town gas? There are so many factors 
affecting the answer that it is not possible to give one which 
would meet all circumstances; each case would have to be 
worked out on its merit, for already two different directions 
are being followed on the Continent—the storage of rich gas 
in Hamburg and the storage of town gas at Beynes. 

We are grateful to M. Dhuin and his colleagues for this 
interesting paper, from which we may learn much in preparation 
for the day when we, too, may have more hydrocarbon gases 
as our raw material. 

Mr. J. E. Davis, O.B.E. (Croydon):—The first matter to 
which I would refer is that: the title of this paper has a 
curious sound to British ears. We have for so long ho 
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that we should find natural gas and, as is well known, there 
has been extensive exploration by competent people looking 
for it, and it has been disappointing. We did not think, if 
we were fortunate enough to find natural gas, that there would 
be a major problem in disposing of it. This paper draws 
attention to this fact. 

Although the search for natural gas has not produced very 
much in this country, it is very interesting to note the possibili- 
ties of underground storage. In this connexion the information 

i about Lussagnet, where the geological formation bears 
a curious resemblance to any one which we are studying in 
Britain, is useful and encouraging. We have had advice not 
to consider more than 4 mill. cu. ft/day as being likely to be 

uced from one particular well. The higher figures given 
ee the hope that, if the geological findings are confirmed, 
we shall be able to make better use of the work, probably 
due to the kind of filter which has been devised. 

On the matter of the cushion gas, I make the proportion 
even more favourable (Figure 17) than does Dr. Haffner: we 
were originally advised that we ought to consider a ratio of 
1:1. Ata later stage, we felt more venturesome and assumed 
a ratio of 1:2; in this diagram it is nearer 1:3, so that in 
thanking the authors for the information they have given 
us, I should like also to thank them for their encouragement 
in the work which we are. seeking to do. 

Mr. C. Johnson (London):—I should like to make a few 
comments on the part of the paper that deals with the under- 
ground storage of gas at Lussagnet. 

The Aquitaine company last year presented to the Institution 
a paper that described the discovery and nature of the very 
large reservoir of natural gas at Lacq, the method of recover- 
ing the sulphur, petroleum, butane and propane from the gas, 
and the transport of the saleable gas, practically pure methane, 
to the main centres of demand almost throughout France. 

Because of the very wide disparity between summer and 
winter demands for gas, and the desirability of operating the 
system on a much better load factor than the seasonal demand 
would permit, the Aquitaine company began to equip an under- 
ground gas storage at Lussagnet, nearby, with an operational 
capacity then stated to be 17,000 mill. cu. ft, since increased 
to 25,000 mill. cu. ft, and a daily output rate of 35 mill. cu. ft, 
which it was intended to increase four- or five-fold in the 
immediate future. 

In the present paper, the authors tell us, in the first instance, 
that they have most successfully built up the markets for 
purified natural gas and that the planned rate of disposal for 
the immediate future is something of the order of one-third 
of the quantity of gas currently sold by the British gas in- 
dustry. They also tell us, and this is of the greatest interest 
to me, that they have built, and now. most successfully brought 
into commission, their underground storage system. The com- 
pany started its tasks with the important advantage of the full 
resources of an experienced petroleum exploration organiza- 
tion and was able to concentrate expert teams on the immediate 
tasks. Today’s account indicates the great measure of their 
successes. 

I should like to comment briefly on some of the work on 
similar lines that has been undertaken in the United Kingdom. 
A few years ago, The Gas Council decided to investigate the 
prospect of finding and exploiting reserves of natural gas in 
this country; also, the prospect of storing town gas in the 
reservoirs after the natural gas had been withdrawn. 

The geological history of this country indicates that the 
high degree of faulting that has taken place over the ages 
would have permitted much of the natural gas to escape, so 
that any successful outcome of the search would probably 
consist of fairly moderate deposits, which, even so, it was 
hoped would be commercially exploitable. Equally, of course, 
it was hoped that the reservoirs, when exhausted, would be of 
sufficient capacity to provide useful local underground storages. 

Drillings to date have found exploitable deposits of natural 
gas, and several of these deposits are now being worked on a 
telatively modest scale. Most of the deposits are in carboni- 
ferous rocks that, because of their tight formation and varying 

ees of cementation, are comparatively slow working and 
so unlikely to have sufficiently high gas injection and recovery 
tates to make successful storages. 
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More recently, The Gas Council has concentrated its 
exploration work on the discovery of suitable geological 
structures, or “acquifers”, from which the reservoir water 
could be expressed by the storage of: gas. 

The most suitable reservoir rocks in this country are probably 
the Lower Greensands and the Triassics. The Lower Green- 
sands mostly occur in the South of England, and the 
Triassics in the Midlands and the North. They appear to have 
good porosity and permeability, and some of the anticlines 
seem to be covered by adequate cap rocks. 

At the present time, two localities are being explored, and 
to date the geological information, based on the drilling of 
13 boreholes, indicates promising possibilities. 

Calculations, again based on the available information, 
suggest that these two storages might each be fairly similar 
to Lussagnet in terms of capacity, one at an approximate 
depth of 1,000 ft, and the other at 2,000 ft; rates of gas flow 
have been calculated to be of a somewhat lower order than 
the high figures the authors quote for the storage sands at 
Lussagnet. It is hoped, therefore, if all continues to go well, 
that the United Kingdom will be able to emulate what has been 
done in France, and so kindly described in this most informative 
paper. 

Mr. S. L. Wright (Cardiff):—-My experience of the develop- 
ment of the gas industry in Great Britain, initially from the 
point of view of an individual undertaking, then from that of 
a holding company, and latterly from Area Gas Board level, 
with, surely, a growing appreciation of the national aspect, 
is one that will have been shared by many other members of 
the Institution; it is one of a continuing struggle to balance 
availability and demand without carrying excessive reserves 
of gas-making capacity, and yet not failing gas consumers when 
abnormal weather conditions and the cycle of mild winters 
tend to lull gas engineers into a false sense of security. 


The paper now so ably presented deals with development 
on a scale undreamed of, except in our most optimistic idle 
moments, with a 30 per cent deficiency of energy require- 
ments as a background on the demand side. 

When Lacq gas became available, this problem became one 
of converting this energy requirement into a demand for gas. 


This problem had been faced in the development of the 
St. Marcet natural gas deposits in South-East France, and it is 
interesting to note that annual sales were in the following 
proportions: Public supply 32, fertilizer manufacturing indus- 
tries 41, fuel for motor vehicles 15, and to other industries 
12 per cent. It was indeed fortunate that this developed 
demand in South-East France was able to absorb 40 per 
cent of the Lacq availability when the second production unit 
was brought into commission, a further 334 per cent of the 
gas available being sold to the public utility Electricité de 
France. It appears that of this quantity of gas to be taken 
under contract by E.D.F., two-thirds was as an alternative to 
coal and mixed fuel, with only one-third committed to gas 
alone. Whether or not this was an interruptable summer 
time supply is not made clear. 


The point I want to make is the diversity of utilization and 
the bearing this must have upon the justification of capital 
expenditure upon large gas production units aimed at pro- 
ducing gas at costs that attract expansion of sales. It is interest- 
ing to note that the essential function of underground storage 
near Lacq was to ensure continuity of supplies, not in the event 
of failure of natural gas availability, but in the event of 
accident in the production of treatment stations. 


The analogy is the large reserve of gas storage and coal 
stocks that used to be held by individual industries, but now 
considerably reduced as an economy measure and, I suggest, 
as a result of experience during two World wars and their 
subsequent industrial unrest. 


It is envisaged that storage at point of production will be 
supplemented by other storages at the ends of main distribution 
lines in order to increase their annual capacity and at the same 
time give added security of supply to consumers. The need 
for storage at point of production would seem to diminish 
with the development of the production units, but its initial 
planning at fully adequate capacity is justified by the ability it 
affords to operate the production units in accordance with 











programme, irrespective of development of demand in the 
early stages. 


One final analogy in the form of a question to myself, and 
others, who plan or control grid production and compressing 
stations. Having planned holding storage or inlet compressors 
aS an economic minimum, are we content to develop district 
storage only as the grid is extended and demand increases? 
I very much appreciate the provocations to thought that this 
paper has aroused. 


Mr. W. R. Garrett (Newcastle-upon-Tyne):—I am sure that 
all members of the Institution admire the way in which our 
French colleagues have tackled the problem of refining and 
processing natural gas, which they have found at Lacq; now 
we have to congratulate them on the storage and marketing 
of this gas. 


While my remarks will relate only to a few items on the 
storage side, it is surprising to me to note that the energy 
deficit in France has increased from 27:2 in 1951 to 45 mill. 
tons of coal equivalent in 1957. The coal deficit and the 
capital outlay at Lacq are the reasons given for the wish to 
commission quickly the underground storage of gas, but it 
is the amazing team work that lies behind the time-table given 
in Figure 14, that is to be admired. 


I should like more information on how such a time-table 
is accomplished. In the case of underground storage in the 
Northern Gas Board’s Area, it took double this period to 
install the necessary compressing machinery. Obviously, our 
French colleagues knew precisely what they required, and, what 
is more, where physically to acquire it. The acquisition of 
equipment sounds extremely simple, but I can assure members 
that it was not in the Northern Gas Board’s case as simple 
as it sounds. One difficulty was the obtaining of temperature 
indication some 1,300 ft below ground. The length of the 
cable was such that we could not, in the time available, obtain 
a strong enough cable to carry its own weight, and finally we 
had to forego trying to obtain this desirable information. 
The answer to this, of course, is to prepare tentative plans 
before the locality is found, and I hope that those who are 
fortunate enough to have underground storage in their Areas 
will bear this in mind. 


The authors refer to the use of wireless from the well head 
to control. This is essential equipment, but can be forgotten. 
We used telephones, which were a poor substitute. Fortunately, 
however, we had only one well head. 


Can the authors enlighten one on the apparatus that, 
apparently, measures pressure at the head and at the bottom 
of the well? Again, why is it necessary to resort to the 
injection of gas into some wells while withdrawing gas from 
others? Is there any objections to sending Lacq gas straight 
into the distribution system? 


Mr. A. B. Densham (London) :—The authors refer to the use 
of compressors with carbon rings which are not, apparently, 
very satisfactory, and they are trying water-soluble lubricants. 
Is it not possible to use some sort of filter to remove 
compressor oil? 


There is a reference, also, to the measurement of bottom 
temperature. Would the authors say this measurement makes 
it possible to detect leakages? I should be interested to have 
some more information on how this is done. 


Also, I should like to know whether there is any trace of 
hydrogen sulphide in the gas withdrawn. I understand that at 
some locations a certain amount is formed underground. One 
of the theories is that this is due to the hydrolysis of sulphides 
that occur in the cores. If this happens only with manufac- 
tured gas, it is of importance in any decision as to whether 
to store imported methane, or manufactured gas. If the 
hydrogen sulphide is only a decomposition product of the 
organic sulphur contents of newly manufactured gas, and we 
were to import methane and store it, there would be no need 
to incorporate an arrangement for removing hydrogen sulphide 
on the withdrawal side. 


_I have found this a fascinating paper. The French have 
given us a wonderful example of how to get on with the job 
very quickly. 
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Mr. K. W. Francombe (Darlington) :—I should like to raise 
a point concerning the utilization of natural gas or methane, 
if we wish to obtain it in sufficient quantities to make the 
proposition worth while in this country. The establishment 
of markets on the vast scale required in the French ex 

has presented problems the authors have fully discussed. 

Dr. Burns has indicated that in summer the full utilization of 
imports of methane or natural gas into this country would 
present problems. On the initial scale—and I am thinking 
here of a scale involving importation by shipment, as distinct 
from the building of transport mains, and the enormous capital 
outlay involved thereby—it should not be very difficult to 
find satisfactory markets for methane. 


So far as one can learn, it should at least be 2d./therm 
cheaper than butane. In addition, methane has another 
important advantage. Having a calorific value of 950 to 1,000 
B.t.u./cu. ft and a specific gravity of 0-55, compared with 
butane of 3,300 B.t.u./cu. ft and a gravity of 2, when used 
as an enriching medium (e.g., for the restoration of calorific 
value) it increases the specific gravity of the gas much less 
than does butane. Consequently, the drop in Wobbe number 
is correspondingly less. It seems that reduction of carbon 
monoxide without removal of carbon dioxide, using such a 
cheap and satisfactory enricher as methane, is a sensible pro- 
position. The cost of methane should be so much less than 
the cost of gas to holder, and the output from a carbon 
monoxide converter without removal of carbon dioxide would 
be so much greater, that a substantial additional volume of 
gas would be produced at low cost. 


Therefore, I would have thought that methane would be 
an ideal enricher to go hand-in-hand with the reduction in 
carbon monoxide content of town gas, and that the Gas Boards 
as a whole, especially those making continuous vertical retort 
gas and carburetted water gas, could absorb quite a large 
volume of methane in this way. 


Written Reply 


The Authors, in reply, wrote:—In reply to Dr. Haffner: 
geological and geophysical exploration enabled the existence 
and precise location of an anticline to be established. The 
Lussagnet structure lies in an area where extensive exploration 
of beds was carried out by S.N.P.A. from 1945 onwards. 


The explorations did not reveal the presence of the north- 
east to south-west fold, but the risk involved in going ahead 
with the first injections was limited owing to the exceptional 
thickness (1,000 ft) of the roof of permeable marls. In addi- 
tion, the slope of the roof enabled the gas-tightness of the 
top part to be tested by injecting fairly small quantities of gas. 


The injection of gas is the only certain method of ascer- 
taining whether a structure is suitable for storage purposes. 
Geophysical exploration and drilling can only provide an 
estimate as to gas-tightness, which requires confirmation. 


The equipment associated with the storage is entirely satis- 
factory and no great changes would be made if it had to be 
provided again now. In particular, an improvement in the 
capacity of the wells would not enable the total number of 
wells to be reduced, since it is principally the maximum 
instantaneous capacity that has been increased by the gravel- 
packing method. It is also necessary to be in a position to 
maintain the capacity at an average level over long periods, 
and it is therefore preferable for the wells not to be too spaced 
out; otherwise, the storage would not be evenly drained. 


The idea of cushion gas is still fairly vague and requires 
clarification. There are two reasons for this. Firstly, the 
structural, lithological and physical features of the storages 
at present in operation vary greatly from one to another, 
it is therefore difficult to lay down general laws. Secondly, 
the question involves not only physical, but also economic, 
data. As a guide, two different parts can be distinguished 
comprising cushion gas: 

(i) the gas that is physically irrecoverable because it is 
trapped in the roof of the storage, either because the latter 
is irregular in shape or because between the storage layer and 
the roof there is a transitional zone of gradually decreasing 
porosity; (ii) the gas that it is not economically feasible to 
recover because the withdrawal capacity would gradually 
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have to be reduced in order to avoid the major obstacle of 
large quantities of water entering the well. 


In view of this it seems that the service pressure of the 
network into which the withdrawn gas is fed during the 
normal operating period of the storage has no noticeable effect 
on the volume of cushion gas. Doubtless, it would be differ- 
ent in a storage lacking a water-bearing stratum, or in one in 
which the water-bearing stratum had a large amount of inertia, 
since in this case the bottom pressure would drop much more 
quickly in the event of prolonged withdrawal. 

Unlike most underground natural ~¥ storages, the Lussagnet 
storage is not situated in an area of high consumption, but 
close to an important production centre. Its task is, therefore, 
not only to meet fluctuations in demand, but also to ensure 
continuity of supply to users in the event of a breakdown in 
production or treatment plant or during maintenance stoppages, 

Failing a storage being provided, continuity could have been 
provided by emergency plant consisting of wells and treatment 
units. 

The cost of such plant has been estimated at 65 mill. NF 
capital investment and 10 mill. NF/annum operating costs, 
whereas that of an underground storage fulfilling an equiva- 
lent function was not likely to exceed 20 mill. NF capital 
expenditure and 4 mill. NF/annum operating costs. 

Cross-head-guided compressors require extreme mechanical 
precision. This is obtained by means of pistons provided with 
fine sealing grooves of the labyrinth type. The pistons are 
thus precision-guided at both ends, their reciprocating motion 
being generally accompanied by a rotary movement in order to 
avoid localized erosion. They are, therefore, of costly con- 
struction and very susceptible to all types of erosion such as 
the accidental presence of iron oxide dust from the interior of 
mains piping, liquid vapour, etc. 

The operation of the compressors cannot be left to the 
mercy of such factors, and for this reason it is preferred to 
use more straightforward types. 

In reply to Mr. Wright: supplies of gas to electric power 
stations must take up one-third of production. It is only in the 
case of an emergency that they can be reduced to the level of 
available supplies. These are not, therefore, interruptible with- 
drawals that can be limited to summer troughs like other 
consumers. 

In reply to Mr. Garrett: the pressure at the bottom of the 
well is measured with special equipment supplied by Amerada 
and Company, which is extensively used in oilfields. It consists 
of a small-diameter unit fitted with a pressure capsule and 
temperature-corrected. This is lowered into the well. 

This equipment can be used om wells that are in operation, 
even for precise measurements at great depth. 

When measuring the pressure in a well that is not working, 
it is sufficient to measure accurately the pressure at the well- 
and correct it for the weight of the column of gas, which 
is stable in the tubing. These wellhead readings are taken with 
a standard “ balance-weight ” precision pressure gauge in which 
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the gas pressure displaces a finely calibrated piston loaded with 
a series of weights until the gas thrust is counterbalanced. This 
equipment is portable and comes from Refinery Supply, 
Limited. It is accurate to the nearest Ib/sq. in. 


It is in no way necessary to re-inject into some wells the gas 
withdrawn from other wells, and, generally speaking, the gas 
withdrawn is fed directly into the main system. This is merely 
an interesting facility, provided for when the installations 
were designed, and obtained at small cost by duplicating the 
manifold that connects up all the pipes joining the wells to the 
central station. This arrangement affords great flexibility 
in the operation of the storage. For example, tests can be 
carried out without losing any gas and without being tied 
down by consumption programmes: equalization of pressures 
in storage layer; investigation of permeability barriers separat- 
ing different zones in the structure; test running of compression 
and dehydration plant. 


In reply to Mr. Densham: compressor oil is present both as 
liquid and vapour. The vapour tension is very low and related 
to the discharge temperature of the compressors. In order to 
ensure total retention of the compressor oil, either a cooling 
plant would have been necessary to bring the gas down to 
about 15°C, followed by a perfect filter-coalescing unit, or else 
an adsorption plant with porous alumina or activated carbon, 
necessitating large high-pressure boilers. In either case, the 
capital cost would have been high and disproportionate to the 
benefit obtainable from such plant. 


Bottom temperatures are usually measured with the aid 
of Amerada equipment. The instrument, which consists of 
a liquid dilatation capsule, enables the temperature to be 
measured at the bottom of the well, i.c., in the storage. 


A more accurate method is necessary in order to detect gas 
leaks through the wall of the tubing, the casing wall or around 
the well along the cement column. In this case, recourse is 
had to the electrical temperature measurement methods utilized 
by the Schlumberger laboratory vehicles. 


In many underground storages, the withdrawn gas contains 
a certain amount of hydrogen sulphide, and the quantity may 
exceed that of the gas injected. This may arise from the 
hydrolysis of the sulphides present in the storage layer, but 
the sulphuretted hydrogen could also be due to the hydrolysis 
of sulphates or organic sulphides, particularly carbon oxy- 
sulphide. It is also thought that it may come from the 
catalytic or bacterial decomposition of mercaptans. 


During the first withdrawal tests at Lussagnet an abnormal 
hydrogen sulphide content was occasionally noticed. These 
observations did not recur during the operational period, and 
not even during the heavy withdrawal periods has it been 
found that the withdrawn gas has a hydrogen sulphide content 
in excess of the total sulphur content of the injected gas. This 
probably means that no hydrogen sulphide generating reaction 
is going on inside the storage, and that the abnormal contents 
noticed during the tests were due to an abnormal content in 
certain of the injected gas. 
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I SUMMARY 


An experimental study has been carried out on the stability 
of air blast tunnel burners. In order to obtain consistent 
stability diagrams, it has been found necessary to use a 
standardized test procedure. The limits of weak and rich 
blow-off have been found to be considerably removed from 
the stoichiometric air : gas ratio, and, consequently, blow-off 
is unimportant in normal operation of tunnel burners. 
The extent of the zone of instability due to lightback has been 
found to be dependent on the mixture-nozzle temperature, but, 
of various cooling methods tried, only water cooling seems 
effective in giving an appreciable reduction of the gas rates 
at the instability limit. Attention was, therefore, concen- 
trated on instability rates for burners of orthodox construc- 
tion and without special external cooling methods. 


Mixture velocities at the instability limit have been found 
to increase with mixture-nozzle size, approximately in 
accordance with the critical boundary velocity gradient 
theory of lightback in the laminar flow region. The actual 
value of the critical boundary velocity gradient is about twice 


that for lightback for open flames, probably due to the 
increased mixture-nozzle temperatures. In the turbulent 
region, the critical boundary velocity gradient increases as the 
Reynolds number increases. 


Use of multiple mixture nozzles or annular mixture 


nozzles has been shown to decrease the gas rates at the 


instability limit, provided that attention is paid to uniformity 
of mixture velocity and air : gas ratio in the nozzles. The 
lightback rates can then be predicted from those for single 
circular mixture nozzles. 


Variations of town gas composition that are normally 
likely to be encountered are not expected to produce a 
significant variation in lightback characteristics, especially 
in comparison with unknown variations due to operating 
conditions. 


The effect of stability considerations on the choice of a 
burner type and size for a particular application is discussed, 
and graphs are displayed for rapidly predicting turndown 
ratios. Design procedures are suggested for burners with 
multiple mixture nozzles or annular mixture nozzles. 
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LIST OF SYMBOLS 


Am _ Mixture-nozzle cross-sectional area. 

Dm _Mixture-nozzle diameter. 

Dom Mixture-nozzle hydraulic diameter. 

Dom Outer circle diameter of annular mixture nozzle. 

Dim Inner circle diameter of annular mixture nozzle. 
Friction factor. 

By Boundary velocity gradient. 

vl — boundary velocity gradient at instability 

imuit. 

N Number of mixture nozzles. 

Q, # Gas rate. 

Qs: Gas rate at instability limit. 

Qm Air : gas mixture rate. 
Air : gas ratio. 

Re Reynolds number. 

Vm Mixture velocity. 

Vm, Mixture velocity at instability limit. 


y Distance from mixture tube wall. 
Mm Viscosity. 
p Density. 


20 Density of air at S.T.P. 

6 Specific Gravity of gas (Air=1). 

t Intensity of wall friction. 
Dimensional quantities may be in any consistent set of units, 
such as the foot, pound, hour system, unless otherwise 
stated in the text. 


II INTRODUCTION 


The design of air blast tunnel burners has been rationalized 
by an analysis of the pressure changes occurring in the 
burner ' and has provided a basis for the design of a range of 
burners? giving optimum utilization of air supply pressure. 
Considerable operating experience is now being gained on 
these burners, and it has been found, perhaps surprisingly, 
that the possible range of applications is very wide. There 
is, for example, a definite demand for compact burners of 
high output (e.g., gas rates greater than 5,000 cu. ft/hr) from 
asingle burner with tunnel diameters of the order of 5 in. or 
more. The basic design calculations shows no theoretical 
limit to the size of units that may be constructed, but in 
practice it was found that the very large burners, while 
functioning as expected at the normal working throughput, 
exhibited a reduced turndown ratio, compared with the 
smaller burners previously encountered. The relatively 
higher lightback rates found with large burners prompted a 
more thorough investigation into tunnel burner stability than 
had previously been carried out, with the object of finding a 
method of lightback prediction and methods of improving 
turndown ratios. 

Difficulties in obtaining consistent experimental lightback 
data threw doubt on the results reported in previous Papers’,?, 
and further emphasized the need for a more rational approach 
to the stability of tunnel burners. The present paper reports 
the results of extensive tests conducted at the Midlands 
Research Station and includes a method of prediction of 
Stability limits, which will provide a guide to turndown 
fatios that may be obtained in practice. The implications 
of the results are discussed with regard to burner design, 
especially the improvement in stability that may be obtained 
by the use of multiple mixture nozzles or annular mixture 
nozzles. Use of multiple or annular mixture nozzles should 
help considerably to produce compact burners of large 
output and reasonable turndown, whilst still maintaining the 
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basic high efficiency of air pressure utilization inherent in the 
original designs. 

It should perhaps be emphasized at this stage that the 
turndown obtainable with the more-usual size of burner is 
normally adequate for industrial requirements, and, indeed, 
some of the types of burner described in reference 2 are 
capable of exceptionally high turndown. However, the 
requirements of high burner exit velocity and high turndown 
are conflicting, and it is on the special occasions when both 
are required, especially in large units, that a great need for 
improved turndown is felt. It is, of course, always an advan- 
tage to have the flexibility in operation that high turndown 
confers, particularly when the more sophisticated automatic 
control systems are used. 

The degree of turndown required in industry is largely 
dependent on the burner application. Although no specific 
figures can be given for any particular process, a guide may 
be given as to the likely range of values encountered. For 
cases where the burner is to be run continuously at high rates 
and exit jet velocity is of paramount importance, turndown 
ratios of 3:1 should suffice to facilitate relatively easy 
ignition at the low rate. In low-temperature oven applica- 
tions, fairly high turndown ratios of the order 5:1 to 10:1 
may be required to run the oven at the idling rate when no 
load is present. In cases where automatic control, especially 
proportional control, is to be employed, very high values 
would often be desirable. 

The literature on burner stability is mainly concerned 
with open flames and has not been found very helpful when 
dealing with tunnel burners. A consideration of a typical 
stability diagram (Figure 1) for an air blast tunnel burner 
will serve to indicate the essential similarities and differences 
with diagrams for open flame burners, and also provides an 
introduction to some of the terminology employed later in 
the Paper. This shows regions of rich blow-off, weak 
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Figure 1.—Typical Stability Diagram for a Tunnel Burner. 
(The diagram was obtained experimentally for a type A burner 
with a mixture-tube diameter of 1# in.) 

blow-off, initial instability, lightback to the air nozzle, and 
stable flame. The weak blow-off limit is rather indefinite, 
particularly when the burner tunnel has become very hot. 
In contrast to open-flame burners, the regions of rich and 
weak blow-off do not cross the stoichiometric air : gas ratio. 
Experiments have shown that this applies up to air supply 
pressures of at least 50 Ib/sq. in. gauge, provided that sufficient 
tunnel length is used. Thus, blow-off does not occur at 
stoichiometric air : gas ratios when using normal fan or 
blower supplies. The maximum throughput to the burner 
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is, therefore, determined for a given burner size solely by the 


maximum air pressure available. The minimum throughput: 


of a burner is determined by the limit at which lightback 
occurs. 

Hence, from the practical point of view of burner operation, 
the stability of a burner is measured by its possible maximum 
turndown ratio. 


Maximum gas rate 





Gas rate at the lightback limit 


The prediction of turndown ratios, which obviously depend 
on high fire conditions as well as the stability limits, is dealt 
with in Section VI. 


The second significant difference from open-flame burners 
is the presence of two lightback regions. The outer region 
will be called the initial instability region and denotes the 
air : gas ratios and gas rates at which the flame first passes 
upstream of the end of the mixture nozzle from its stable 
position in the combustion chamber. When the flame has 
passed into the mixture tube or nozzle, the back pressure 
thrown on the injector is increased, causing the mixture 
to run weak. The flame then moves out to its original stable 
position in the tunnel and the process is rapidly repeated, 
giving rise to a low-frequency oscillation. With the passage 
of the flame fully or partially down the mixture tube, the walls 
of this tube become hot and accentuate this initial instability 
region until the flame stabilizes at the air nozzle. This latter 
phenomenon is shown by the inner curve of gas rate against 
air : gas ratio, which will be called lightback to the air nozzle. 
The outer region of initial instability is of particular signifi- 
cance as this denotes the lower working limit at which the 
burner can be operated. Once initial instability starts, it 
will gradually increase in magnitude until finally lightback 
to the air nozzle will occur. 


Since blow-off at stoichiometric air : gas ratios is of little 
consequence in air blast tunnel burners, the main problem 
is the determination of gas rates at which initial instability 
and lightback to the air nozzle occur, and most of the present 
experiment work has been concerned with lightback limits. 


Illi SURVEY OF PREVIOUS WORK 


Work on burner stability has largely been confined to open 
flame burners, and little quantitative information is availabie 
for tunnel burners. 


The use of a series of small mixture nozzles in the backplate 
has frequently been employed to improve turndown.*-4 
Ward?® states that the maximum size of the mixture nozzle 
is controlled by the degree of turndown required, as lightback 
rates increase as the nozzle size is increased. As the nozzle 
diameter is decreased, the limiting diameter for flame propaga- 
tion may be reached, although in most practical cases the 
diameter is in excess of that which will completely inhibit 
lightback at stoichiometric air : gas ratios. 


A method for the prediction of lightback and blow-off 
limits has been proposed by Grumer, Harris and Rowe® 
for open-flame burners in the streamline region. The experi- 
ments carried out in this work consisted of determination 
of lightback and blow-off curves for both pure gases and gas 
mixtures. From the results obtained, a method for predicting 
the stability diagrams for gas mixtures from their chemical 


composition was evolved in the form of curves of critica’ 
boundary velocity gradient at lightback and blow-off against 
fraction of stoichiometric composition. The experiments 
were performed with premixed streams of fuel and air flowing 
through single upright ports into free air at room temperature 
and pressure. The burners used were cylindrical tubes of 
constant cross-section of 40 to 100 diameters long. Later 
experiments made provision for increase of mixture tem- 
peratures. 


Limited information on turndown ratios was given in 
Gas Council Research Communication GC48.2 The burners 
were supplied with gas from an atmospheric governor, and 
the gas restrictors were adjusted to give stoichiometric air : gas 
ratio at an air pressure of about 26 in. w.g. The throughput 
was gradually decreased by reducing the air pressure until 
lightback took place. The variation of air : gas ratio as the 
air pressure is reduced depends on the accuracy with which the 
gas pressure is maintained at atmospheric and on the variation 
of frictional pressure losses in the burner itself. Thus the 
lightback rate could be appreciably less than the lightback 
limit at stoichiometric conditions. Other burner control 
systems would have given a different variation of air : gas 
ratio with throughput and, probably, a different lightback 
limit. 

It will be seen that, although some theoretical guidance is 
provided by the Grumer theory of lightback, few actual 
measurements of lightback under controlled conditions 
have been reported. 


IV EXPERIMENTAL INVESTIGATION OF 
BURNER STABILITY 


The experimental work described in this Paper consisted 
almost entirely of the determination of stability diagrams 
for a wide range of types and sizes of tunnel burners. This 
involved measuring the air and gas rates at the limits of the 
various regions of instability such as rich and weak blow-off, 
and lightback. The single mixture-tube burners were con- 
structed to the dimensions given in GC48. Tunnels were 
cast in a porous high-temperature castable refractory of pure 
fused alumina and: “ Secar 250” cement. The form of 
mixture nozzle depended on the type of injector. Burners 
with venturi injectors generally used cast iron nozzles (such 
as K.B. type 55), while those with integral parallel injectors 
were constructed with mild steel drawn tube, which was 
occasionally tipped with a castable solid refractory of fused 
alumina and “ Secar 250°’ cement. Later experiments have 
shown that these variations in construction have little effect 
on lightback for a given mixture nozzle diameter. 


Large burners with tunnel exits in excess of 2-0 in. diameter 
were tested in a vertical silencer, as shown in Figure 2, while 
burners with tunnel exits of less than 2-0 in. were tested in a 
smaller horizontal silencer, which was removed when light- 
back readings were being taken. The disposal of the products 
of combustion of upwards of 5,000 cu. ft/hr of gas, issuing at 
high velocity from the burner, presented a considerable 
problem in the limited space of a laboratory already occupied 
with several other projects. The large silencer consisted of a 
central 2 ft square duct lined with “ Stillite ” insulation, and 
an outer annular duct similarly lined to give both thermal 
and acoustic insulation. The jet pump effect of the burner 
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caused cold air to be drawn down the outer duct and to mix 
with the hot jet gases. The resulting cooler products travelled 
up through the centre duct to be vented through the laboratory 
roof via a further “* Stillite ’’-lined duct. 





Figure 2.—Test Rig, showing Vertical Silencer for Large 
Burners. 


(i) Development of a Test Procedure 


Initially, combustion diagrams were prepared, as in Figure 
|, for various single mixture-tube burners of different sizes. 
e the regions of rich and weak blow-off are normally 
relatively unimportant, effort was concentrated on the light- 
and initial instability regions. Checks were made that 
blow-off at stoichiometric air : gas ratios did not occur. 
Examination of the early results showed a great deal of 
inconsistency, and consideration of the experimental pro- 
cedure indicated that the lengths of time for the initial heating 
Period and the testing periods varied from test to test, and 
was deemed responsible for the non-repeatability of the 
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results. A standard procedure was therefore evolved as 
follows :— 


(i) An initial warming up period of 30 min. at the maxi- 
mum throughput at | Ib/sq. in. gauge air pressure 
and stoichiometric air : gas ratio. 

(ii) A reduction of the gas rate at stoichiometric air : gas 
ratio to a value just outside the initial instability 
region for a period of 15 min. simulating typical 
turndown conditions and allowing temperatures to 
stabilize. 

(iii) A 5 min. testing period to determine either initial 
instability or lightback limits by a variation of 
air : gas ratio and gas rates. 

(iv) A 5 min. period, again at full rate, to attain steady 
temperature conditions. 


These last two periods were repeated until sufficient points 
were acquired to plot the instability limits. By this means, 
consistent stability diagrams were produced. All the design 
data given in this Paper have been obtained from experiments 
using the standard technique. Tests applied under conditions 
differing from those listed above may give different results, 
and it must be stressed that, to produce consistent stability 
diagrams, standard conditions must be employed. It is, 
however, realized that in most practical applications these 
will not exist, but the method is considered to give a fairly 
representative set of conditions for soak back of heat and to 
provide a basis on which the turndown performance of 
various burner types, sizes and modifications can be compared. 


(ii) Initial Instability Zone 

Initial experiments to provide data for the construction 
of stability diagrams revealed the existence of the initial 
instability zone, which had not been previously recognized. 
It was quickly realized that the phenomenom was greatly 
dependent on soak back of heat from the refractory tunnel 
block, and this sub-section describes attempts to eliminate 
or reduce the instability region. Of various methods tried, 
only water cooling succeeded in causing an appreciable 
reduction, but was considered to be inconvenient and im- 
practicable except under special circumstances. It was, 
therefore, decided to concentrate on the prediction of the 
instability regions for burners of orthodox construction, 
in which no special attempts were made to cool the mixture 
nozzles, and this work is described later in Section IV(iii). 
However, it is thought worth while to record some of the 
largely unsuccessful experiments, designed to reduce the 
lightback rate by alteration of the heat transfer to the mixture 
nozzle, if only to deter others from repeating the same work. 

A consideration of the early stability diagrams seemed to 
indicate that the initial instability region was transitional 
between stable flame and complete lightback to the air nozzle. 
As a transition region exists in the flow of fluids between 
streamline and turbulent, calculations of Reynolds numbers 
were made over the instability region to see if these two fea- 
tures were related. The results showed that the flow con- 
ditions were well within the turbulent region. Further 
investigations, involving the variation of flow conditions and 
mixing by the use of increased mixture-nozzle lengths, showed 
that the effect of flow conditions were negligible once fully 
developed turbulent flow was achieved. 

It was noticed that, if measurements of lightback were 
made immediately after lighting the burners from cold, the 
initial instability region was absent or considerably reduced 
in extent. It was, therefore, thought possible to eliminate 
the initial instability region and reduce the lightback region 
by reducing the temperature of the mixture nozzle. A series 
of burners of a standard size was constructed in which various 
alterations were made to the design of the mixture tube and 
backplate in attempts to alter the heat transfer conditions 
and hence the temperature of the mixture tube end. 





Water cooling 


A water-cooled backplate was found to reduce the initial 
instability and lightback regions considerably. The use of 
water cooling is not generally practicable, but the experiment 
led to the application of other cooling methods and confirmed 
that the initial instability region was appreciably affected by 
mixture-tube temperature. 


Increased Cooling by Conduction 


Alterations of the thickness of the metal mixture tube, 
in order to change the rate of heat conduction from the tip, 
were found to have no significant effect on the lightback rates. 
A further modification used a mixture-nozzle wall formed of a 
solid steel cone as in Figure 3. Three different cone angles 
were chosen, with which it was hoped to shield the end of the 
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FiGurE 3.—Mixture Nozzle with Tip Formed from Solid Steel 
Cone. 


mixture tube to some extent from excessive radiation from 
the tunnel, while providing a large mixture-tube wall thickness 
for conduction of heat away to the backplate. The mixture- 
tube diameter was 1-375 in. in each case. The results are 
given in Table 1. 

















TABLE |. 
Mixture-tube cone angle .. > am o° | 30° 40° | so | 
Maximum Gas Rates At lightback to ¥ 
(cu. ft/hr.) air nozzle .. 175 175 175 | 175 | 
At initial in- | 
stability limit 290 275 270 | 290 | 
| 





As seen, no consistent or significant improvement was 
achieved. 


Refractory-ended Mixture Tubes 


The previous methods have been aimed at reducing 
excessive mixture-tube tip temperatures. As the results 
obtained were not satisfactory, it was decided that, in reducing 
the mixture-tube tip temperature, the rest of the mixture 
nozzle was heated up, thus possibly preheating the gas. With 
this in mind, steps were taken to prevent the soak back of 
heat and subsequent preheating of the gas by utilizing low- 
conductivity refractory tips to the mixture nozzle. The 
refractory tips used were cast in a mix of fused alumina and 
““Secar 250” cement. No significant difference in results 
was detected and subsequent tests over longer periods 
revealed that the flame tended to creep back down the mixture 
tube and stabilize on some irregularity in the refractory 
surface. This is not desirable, as it increases the tendency to 
lightback and produces a subsidiary effect in that the in- 
creased back pressure causes a rise in the air : gas ratio. The 
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COLO AIR 





FiGure 4.—Various Methods of Applying Forced Air Cooling 
to the Mixture Nozzle. 


use of a refractory-ended mixture nozzle does, however, 
prevent oxidation and subsequent failure. 


Forced-convection Air Cooling 


An early attempt to improve heat loss from the mixture 
tube used cooling fins to extend the surface area for heat 
transfer by natural convection to the surrounding atmosphere. 
This was found to have little effect, so forced convection with 
air was applied to the backplate, using various designs as 
shown in Figure 4. The results for design (5) are given in 
Figure 5. The reduction in initial instability region obtained 
when using 2,500 cu. ft/hr of cooling air is seen to be about 
12 per cent. Thus, to achieve any significant reduction in 
initial instability, vast quantities of air will be required and 
these are not generally available. ; 

A design was therefore produced that utilized the available 
air more efficiently. This is shown in Figure 4c and is based 
on the principle that convective heat transfer is proportional 
to the frictional pressure loss. Therefore, maximum con- 
vective cooling occurs when the maximum fraction of the 
pressure drop is due to wall friction. The method used 
involved dropping a pressure of } Ib/sq. in. gauge on passing 
2,000 cu. ft/hr of air through the backplate. The calculation 
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of channel depth “‘/’’ was made by summing pressure losses 
through the system. These amounted to losses for entry, 
friction and acceleration, a bend and, finally, a friction loss 
through the annulus. This gave a channel depth of 0-1 in. 
It was found, on testing in the normal way, that this method 
was not effective in reducing either initial instability or 
lightback to the air nozzle. 


Measurements of Mixture-tube Tip Temperature 


A series of experiments were performed in which lightback 
and initial instability rates were measured for various mixture- 
tube tip temperatures. The measurement of temperature was 
performed by the use of a thermocouple embedded in the 
tip itself. Variations of temperature were achieved by the 
use of air and water as cooling media. With air, a range of 
temperatures from 800° to 400°C could be investigated, and, 
with water, temperatures around 40°C were achieved. It 
was not possible to investigate the region between 40° and 
400°C with these cooling media. From the range 400° to 
800°C, the lightback and initial instability results remained 
sensibly constant. When lightback did occur, the tip tem- 
perature fell appreciably. 


At temperatures around 40°C, the lightback figures for 
the burner under test fell to 125 cu. ft/hr at the stoichiometric 
air : gas ratio compared with 240 cu. ft/hr with no cooling. 
From these results, it is, therefore, only possible to say that 
appreciable reductions in mixture-tube tip temperature to 
the order of room temperature affect the lightback results. 


(iii) Variation of Lightback and Initial Instability with Burner 
Size 


The results of the previous section show that, although 
reducing the mixture-nozzle temperature to near room 
temperature causes an appreciable reduction in the instability 
limit, only water cooling can achieve these temperatures very 
easily. Since water cooling is not usually desirable or 
feasible in practice, it was decided to abandon further experi- 
ments in this direction and concentrate on measuring the 
instability regions for burners of orthodox construction, 
having no special external cooling means. 


Stability diagrams were prepared for all the types of 
burners described in GC48. The sizes ranged from a C type 
with a tunnel exit of 0-375 in. to an A type with a tunnel exit 
of 50 in. Typical diagrams are shown in Figure 6. It was 
found that the maximum gas rates, at the apex of the in- 
stability zone, occurred at an air: gas ratio of about 3:5, 
and that these maxima were dependent only on mixture-tube 
diameter, regardless of burner type. Thus, the results of all 
these experiments have been combined, in Figure 7, as a plot 
of mixture-nozzle diameter against maximum gas rates at 
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Ficure 6.—Typical Stability Diagrams showing Zones of 
Nozzle. 








both lightback to the air nozzle and initial instability. With 
this diagram, it is possible to predict maximum lightback 
gas rates for different burner sizes. A regression of log Qg 
against log Dm leads to the equation :— 

ag Og FO iano innn cc: 0:0:0:0:06'5:5:0-0:0:0:0:0 60605 (1) 
for the maximum initial instability limits, where Q,y is in 
cu. ft/hr and Dm is in inches. The plot of gas rate at light- 


back against mixture-tube diameter given in Figure 7 does 
not show the effect of increase of burner size on turndown. 
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Figure 7.—Variation with Mixture-nozzle Diameter of Limits 
of Initial Instability and Lightback to the Air 
Nozzle. 


A more revealing plot is of mixture velocity at lightback 
against mixture nozzle diameter, since mixture velocity is 
proportional to the air supply pressure irrespective of burner 
size. Thus, if mixture velocity at lightback alters with burner 
size, then the air pressure at lightback will vary and, for a 
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with Mixture-nozzle ' Diameter, of 


given maximum air supply pressure, the turndown ratio 
must obviously also be altered. From equation (1), the 
mixture velocity at the initial instability limit Vmi is easily 
shown to be 
4(R+1) Qgi 
Vegg = ——$<—_—— = 35'SDiy OO .. occ sc ccees (2) 
t Dm* 

where Vmi is in ft/sec and Dm is in inches. Equation (2) is 
plotted in Figure 8 and shows that mixture velocity at light. 
back increases with mixture-tube diameter and, hence, 
turndown ratios will decrease as burner size increases. The 
implications of this result on burner design are dealt with in 
Section VI. 


iv) Experiments with Multiple Mixture-nozzle burners 

As seen from the preceding section, mixture velocities at 
the lightback and initial instability limits increase with 
mixture-tube diameter. If a single circular mixture nozzle is 
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(The curves are for a type F2 burner with 1 in. diameter tunnel 


exit and 16 mixture nozzles of } in. diameter. With a tunnel length 
of 2in., no noise region was apparent.) 


replaced by several smaller nozzles of the same total cross- 
section, the mixture velocity at lightback will be decreased. 
The use of multiple mixture nozzles is likely, therefore, to 
reduce the overall lightback or initial instability rate of a 
given burner. 


A series of such burners was constructed of the types used 
in the previous section. Stability diagrams were produced 
and it was found that the lightback to the air nozzle and 
initial instability curves were coincident, that is, once initial 
instability occurred, lightback followed immediately, so that 
one curve suffices to represent both phenomenon. It should 
be possible to calculate the position of this curve by multi- 
plying the initial instability gas rate of a single nozzle of the 
appropriate diameter, given in Figure 7, by the number of 


AIPYGAS | MIX TURE 
FROM | VENTY A! 









MIX TURE 
MANIFOLD 


ENTRAL 
ORE OR 
PIGOTT 


#o0 






SCREW 
THREAD 


Ficuru 11.—Typical Annular MixtureNozzle Construction 
for a Type F3 Burner. 


1.G.E. Journal—May, 1961 





nozzles. This has been found to be the case provided the 
mixture velocity and air : gas ratio are equal in each tube. 
A comparison of stability diagrams for single mixture 
nozzle and multiple mixture-nozzle ‘burners are given in 
Figure 9. Burners ranged in size from a type D3 with 1 in. 
diameter exit and 32 mixture nozzles of } in. diameter, to a 
type A with 4-5 in. diameter exit and four mixture nozzles of 
1-375 in. diameter. All the burners tested showed an im- 
provement in lightback characteristics over the single mixture- 
tube version. However, poor velocity and mixture distri- 
bution can occur in practice, producing higher lightback gas 
rates than would be expected from the corresponding rate 
for one of the nozzles. If the velocity distribution is unequal, 
lightback occurs in the mixture nozzle with the lowest 
velocity, although the average velocity, deduced from the 
overall flow, is greater than the limit predicted for the 
particular nozzle diameter from Figure 8. Unequal distri- 
bution with regard to mixture composition involves one or 
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Ficure 12.—Comparison of Stability Diagrams of Burners 
with Annular Mixture Nozzles of Various 
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more mixture nozzles having an air : gas ratio different from 
the overall (average) figure indicated by the flow measure- 
ments. Lightback will occur first in the tube with the air : gas 
ratio nearest to 3-5 and at a higher gas rate than would be 
expected from the stability diagram at the average air : gas 
ratio. The two forms of incorrect distribution may occur 
singly or together. By careful design of the distribution 
systems of gas and air, these features can be eliminated. 
The detailed design of burners with multiple mixture tubes 
will be dealt with in Section VII. 


The use of very small mixture nozzles in the form of a 
perforated backplate tends to produce high pitched resonant 
noise. The frequency of.vibration increases as the nozzle size 
is reduced. Stability diagrams have been produced showing 
the regions in which intensive noise occurs. (Figure 10.) 
For a given burner backplate, several different tunnel lenghts 
have been tested as the nature of the noise appeared to be 
resonant. With the burners tested, which used porous 
refractory tunnels, the resonant noise could be eliminated by 
the choice of a non-resonant tunnel length. Figure 10 shows 
the gradual reduction and final elimination of this intensive 
noise region as the tunnel length is varied. 


An increase in nozzle diameter is found to produce a 
greater distance between resonant lengths, and relative 
freedom from this form of noise is achieved with nozzle 
diameters in excess of 0-25 in. 


(v) Experiments with Annular Mixture Nozzles 


An annular nozzle has a smaller hydraulic diameter than 
the corresponding circular nozzle of the same cross-section. 
Hence, burners with annular mixture nozzles would be 
expected to show lower mixture velocities at lightback, and 
better turndown ratios, than the corresponding burner with 
a circular mixture nozzle. Several burners with mixture 
nozzles in the form of annuli have been tested. Figure 11 
shows the type of construction for an F3 type burner. 
Stability diagrams have been produced in the normal way 
for various hydraulic diameters of the annuli. Results and 
comparisons with single circular mixture tube burners are 
given in Figure 12. Here, again, initial instability and 
lightback to the air nozzle are coincident and less than the 
corresponding initial instability region for the single circular 
mixture-tube burners of the same cross-sectional areas. 


Mixture velocities at lightback for annular. nozzles were 
found to be identical to those for circular nozzles of the same 
hydraulic diameter, and thus Figure 8 can be used for pre- 
dictions of lightback mixture velocities if the mixture-nozzle 
diameter is replaced by annulus hydraulic diameter. The 
pressure efficiencies of burners with annular mixture nozzles 
are the same as the corresponding single circular mixture-tube 
versions, since the cross-section of the annulus is maintained 
as given in Gas Council Research Communications GC44 and 
GC48. 


V COMPARISON OF EXPERIMENTAL RESULTS 
WITH PREDICTIONS FROM CRITICAL 
BOUNDARY VELOCITY GRADIENTS 


The experimental values of lightback gas rates reported 
in the previous section may be compared with values cal- 
culated from the burner stability theory of Grumer, Harris and 
Rowe. The essence of the theory is that lightback occurs 
at a certain value of the velocity gradient of mixture at the 
wall of the mixture nozzle. This is called the critical boundary 


velocity gradient, denoted by gvi, and its value depends only 
on the chemical composition of the fuel gas and on the air: 
gas ratio. Grumer, ef al., have carried out experiments on a 
wide range of binary and multi-component fuel-gas mixtures 
to produce a series of charts from which the value of critical 
boundary velocity gradient is easily computed for any normal 
fuel-gas mixture. In order to use this value, a relationship 
between boundary velocity gradient, mixture flow, and 
mixture-nozzle diameter is required. 

For steady laminar flow the boundary velocity gradient 
is given by 


&) 
——_ = &y = 
dy w ™Dm * Dm 


If Qg is the lightback rate, then the value of gy is the critical 
boundary velocity gradient gy). Grumer found experimentally 
that this was constant and independent of Reynolds number 
in the laminar region, and only dependent on the gas com- 
position and air : gas ratios. Thus, a plot of log Q, v. log 
Dm as in Figure 7 should have a slope of 3-0 if it agrees with 
equation (3). The slope of the initial instability curve shown 
in Figure 7 is 2-863, which is in reasonable agreement when 
allowance is made for experimental error. 


For a typical G5 town gas, the value of gyi may be pre- 
dicted from the gas composition, using Grumer’s charts, 
to be 2,650 sec at the stoichiometric air : gas ratio. Un- 
published work at the Gas Council’s Midlands Research 
Station has confirmed that, for a typical town gas, the 
lightback rates for an atmospheric burner are in accordance 
with predictions of Grumer’s charts. 


Calculations from the present experimental data with 
tunnel burners show that the value of gyi remains constant 
in the laminar region, but at a value of 3,560 sec.-'. The rise 
in gvi in tunnel burners is thought to be due to the increase 
in mixture-nozzle temperature. It is known that lightback 
gas rates are considerably lower when the burner is first 
started from cold, than after a period of running in which 
the temperature has increased. Quantitative evidence of the 
effect of mixture-nozzle temperature on gvi, although in the 
turbulent region, is shown in Figure 13 for two burners of 
the same size, one of orthodox construction and the other 
with a water-cooled mixture nozzle. It appears that, for the 
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Figure 13.—Critical Boundary Velocity Gradients Derived 
from Experimental Data, showing the Effect of 
Water Cooling the Mixture Nozzle. 
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streamline region, the Grumer theory is applicable provided 
allowance is made in values of gvi for the increased mixture- 
nozzle temperature. 

Grumer attempts to extend the theory to the turbulent 
region, as any stream, whether overall turbulent or streamline, 
has a laminar boundary layer, and the boundary velocity 

ient may be related to the wall friction. An equation 
may be developed from the definitions of viscosity, 


dy To? 
‘== T) 
dy w ay 


and that for shear stress, 
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2f(R+1) Q; Re 
Ry — 
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Where 
4(R+<s) Po Og 
Re = 
7™Dm v. 


Grumer, in using equation (4), found that the value of gy 
was greatly in excess of that for the streamline region when 
the value of Q, at lightback was substituted. A plot of gy 
against Reynolds numbers was made for tunnel burners 
using the experimental lightback values for Qg from Figure 7, 
the values of the other variables being taken at the wall 
condition. The results are shown in Figure 14, in which the 
value of gy is seen to remain constant in the laminar region 
and then rises gradually in the turbulent region. The in- 
creased values of gy in the turbulent region may be due to the 
dependence of flame speed on intensity of turbulence. It is 
not, therefore, possible to predict the stability curve for 
- burners in the turbulent region from gas composition 
alone. 


Variation of Lightback Rate with Air : Gas Ratio 


The Grumer theory may be used to produce a generalized 
stability diagram showing the effect of air : gas ratio on the 
instability limit. Equation (3) shows that, for a given 
mixture-tube diameter and town gas composition, 
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AGURE 14.—Critical Boundary Velocity Gradients Derived 
from Experimental Data of Figure 7, showing 
Variation with Reynolds Number. 
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Q, &vi (Rs + 1) 


Oss &vis (R + 1) 

where the subscript s represents stoichiometric conditions. 
Using the relation between gy and air : gas mixture com- 
position given by Figure 16, the instability limits, expressed 
as a fraction of the gas rate at the instability limit at the 
stoichiometric air : gas ratio, may be plotted against air : gas 
ratio. This relation is shown in Figure 15, together with the 
mean curve of the experimental results and the 95 per cent 
confidence limits, which indicate the magnitude of differences 
between the results for different burners. 

















FiGure 15.—Variation of Instability Limits with Air : Gas 
Ratio. Comparison of the Calculated Curve 
with the Mean of the Experimental Curves, 
showing 95 per cent Confidence Limits. 
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FiGurE 16.—Calculated Critical Boundary Velocity Gradients 
for Lightback. Comparison of London G4 
and Solihull and Coventry GS and G6 Gases. 


Variation of Stability Limits with Gas Composition 


Values of critical boundary velocity gradients calculated 
for different gas compositions indicate that a change in 
stability limits is likely with change in town gas quality. The 
variations in town gas quality normally encountered are not 
large, particularly now that more attention is paid to ensuring 
that town gases from different processes will be tolerated 
by the average domestic appliances. Tunnel burners are 
usually more tolerant than domestic aerated burners to 
changes in flame speed factor, which largely controls lightback 
behaviour, and thus variations within a gas group are not 
likely to affect the stability limits appreciably. It was further 
suspected that the present experimental data, measured 
largely using Solihull town gas, or, sometimes, with Coventry 
gas of almost identical gw value, would be applicable to 
most other town gases G4 to G6 with little error compared 
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with the uncertainties due to operating conditions. With the 
kind co-operation of the Industrial Laboratory of the Gas 
Council’s London Research Station, five burners were tested 
on a London G4 gas. From Grumer’s charts, the critical 
boundary velocity gradients were calculated for the London 
G4, and Solihull and Coventry G5 and G6 gases, showing 
slight differences at the stoichiometric air : gas ratio. (Figure 
16). When allowance is made for the different values of 
stoichiometric air : gas ratio, slight differences would be 
expected for the lightback gas rates. In fact, experimentally, 
no difference could be detected that was significant compared 
with the normal scatter on the experimental results. It is, 
therefore, thought that the present precision in prediction of 
turndown ratios does not justify distinguishing between town 
gases of the groups G4 to G6 normally encountered. 


VI PREDICTION OF TURNDOWN RATIOS 


The experimental results of Section IV give information 
on lightback gas rates or mixture velocities and their variation 
with mixture-nozzle size. In considering the significance of 
the results, with respect to the turndown ratios obtained in 
practice, the burner type, air pressure and operating con- 
ditions need to be taken into account. In this section, 
methods of prediction of turndown ratios are given for air 
blast tunnel burners. 


(i) Variation of Turndown with Burner Type 

From the experimental results of the previous section, 
embodied in Figures 7 and 8, it is possible to predict and 
compare the turndown properties of various types of burner 
employing the orthodox single circular mixture nozzle. 
Table 2 gives a comparison of the salient properties of the 
burner types described in the Gas Council’s Industrial Gas 
Development Committee Report No. 729/60 (hereafter 
referred to as I.G.D.C. 729/60). The burners are assumed 
to be carrying out the same thermal duty, that is, operating 
with the same maximum gas throughput from the same air 
supply pressure. The air nozzles are, therefore, identical in 
size. The turndown ratios are relative to that of type D3, 
which has been arbitrarily designated as unity for the purposes 
of comparison. Actual turndown ratios will, of course, 
depend on size and maximum air pressure. Exit velocity of 
completely burned combustion products (type D3=1), 
overall pressure efficiency and injector pressure efficiency are 
also shown. 


Table 2 shows that, in types D3 and C, turndown is to 
some extent sacrificed for exit velocity and that types A and 
F3 represent a good compromise between the two conflicting 
requirements. The high degree of turndown achieved by the 
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type B burner is due to the high efficiency of the injector 
system, which is designed to produce maximum mixture 
velocity at the mixture nozzle rather than to produce maximum 
mixture pressure or maximum velocity through the exit nozzle, 
The type B burner is of use, therefore, when very high turn. 
down is required and jet velocity is of less importance, though 
it should be realized that the exit velocity is still very much 
higher than could be achieved by any orthodox open-flame 
burner. 
(ii) Variation of Turndown with Burner Size 
In the previous section, it was seen that increasing the 
mixture-nozzle diameter increased the mixture velocity at the 
initial instability limit, so that an increased burner size means 
a decreased turndown. Conversely, a given turndown ratio 
may impose a limit on the size for a particular burner type, 
Burner size is best represented by air-nozzle diameter, since 
this is the same for a given gas throughput and air pressure 
whatever the burner type. It is possible to generalize the 
effect of burner size by plotting turndown ratio against air 
nozzle diameter for a series of maximum air supply pressures, 
as in Figure 17. The curves are actually for a type D3 
burner, and to obtain the turndown ratio for other types of 
100 - 


BURNER TYPE 
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03 c FB A FH OB 
to 13 +3 4 23 30 


TURNDOWN RATIO 








oOo" to oo 
aR NOZZLE DIA (iN) 
FiGure 17.—Variation of Turndown Ratio with Air-nozzle 
Diameter for a Series of Maximum Air Supply 
Pressures. 
(Stoichiometric conditions are assumed for both high and low 
rates. The turndown ratio read off from the graph should be 
multiplied by the appropriate burner type factor.) 


TABLE 2.—Comparison of Single Mixture-tube Burners 

















Relative Relative Overall* Injector 
Burner | Turndown Ratio. | Exit Velocity. Pressure Type of Pressuret Type of 
Type. (Type D3 =1) (Type D3=1) Efficiency. Injector. Efficiency. Tunnel 
(per cent) (per cent) 
| 2 3 4 5 | 6 7 
D3 1 1 21 Venturi 40 Converging 
Cc 1-3 1-15 29 | Parallel 47 Converging 
F3 1:3 0-84 15 Venturi | 40 Parallel 
A 1-5 0-94 19 Parallel 50 | Parallel 
Fl 23 0-48 | 5 Venturi 40 Parallel 
B 3 0-58 7 Parallel 57 Parallel 


| 





*Efficiency of utilization of air eupely pressure to produce exit velocity of b d 
tEfficiency of utilization of air supply pressure to produce mixture total pressure at “the exit of the injector. 
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burner the value read off from Figure 17 need only be multi- 
plied by the appropriate factor from column 2 of Table 2. 
This method of predicting turndown ratios applies to single 
circular mixture-tube burners and to stoichiometric air : gas 
ratios over the whole turndown range. 


It will be realized that there is a limiting size of burner for 
each type and air pressure at which the turndown ratio 
becomes unity, that is, the burner cannot be turned down. 
For example, at 28 in. w.g. air pressure, maximum air 
nozzle size for a D3 burner with a single circular mixture 
tube would be 2-05 in., corresponding to a tunnel exit size 
of 55 in. and a thermal input of 3 x 10° B.t.u./hr Type D3 
burners of this size would have to be made with multiple 
mixture nozzles to be stable over any reasonable turndown 
range. Still larger burners need multiple mixture nozzles to 
possess any range of stability using 28 in. w.g. air pressure. 
(iii) Variation of Turndown with Air : Gas Ratio 

Increased turndown ratios may be obtained by running 
with a weak mixture at the turndown rate, whilst maintaining 
stoichiometric air : gas ratio at the maximum rate. Figure 15 
is a generalized stability diagram in which lightback rate is 
expressed as a fraction of the stoichiometric instability limit. 
Thus, the new turndown ratio may be found by dividing the 
stoichiometric turndown ratio, derived from Figure 17, by 
the fraction of the stoichiometric lightback limit read off from 
Figure 15. 


When a burner is operated with the gas inlet pressure 
governed to atmospheric, the burner has a natural tendency 
to run weak at turndown due to friction factors 
increasing as the flow decreases. This is particularly true 
of the parallel injector, parallel tunnel burners, types A and 
B, and helps, in practice, to give increased turndown with 
these burners, although the effect is difficult to predict 
quantitatively. 

The weakening at low rates, necessary to give increased 
turndown ratios, may be obtained by the use of suitable con- 
trol systems which effectively reduce the gas inlet pressure 
progressively at the lower rates. The details of suitable 
control systems are outside the scope of the present Paper, 
but it is hoped in the near future to present details of work on 
this subject being carried out at Midlands Research Station. 
(iv) Effect of Operating Conditions on Lightback Rates 

The instability rates and turndown ratios predicted in this 
Paper refer to the operating conditions described in the 
standard test procedure of Section IV. It will be appreciated 
that much more severe conditions could be found in practice, 
particularly in very high-temperature furnaces, and the 
lightback rates could in these. cases be somewhat greater 
than those found from the standard test procedure. To 
explore all the possible operating conditions would be a 
formidable undertaking, requiring considerable test facilities 
and taking up a great deal of time. Experiments have, however, 
been carried out in a furnace operating at 1,200°C with a 
type A burner of 1 in. tunnel exit diameter, and having a 
refractory-ended mixture nozzle. Using the standard test 
procedure, the gas rate at the stoichiometric instability limit 
was about 40 cu. ft/hr, whilst after allowing the furnace to 
run for 3 hrs, reaching a temperature of 1,200°C, the instability 
rate had increased to about 45 to 50 cu. ft/hr. It is felt, 
therefore, that the experimental work described will give a 
good guide to the order of turndown possible under more 
severe conditions. It must be borne in mind that the necessity 
for high turndown in high-temperature work is reduced since 
the standby (no load) losses are a much higher proportion 
of the total heat requirement than in lower-temperature 
applications. 

_ It should also be remembered that the burden of any 
Mereases in maximum heat input due to “factors of 
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ignorance ’’ or “ contingencies ” is thrown directly on to the 
turndown requirements of the burners. Careful specification 
of the appliance duty and assessment of the heat require- 
ments can pay dividends in many ways, not the least being 
the less stringent requirements for the burner. 


VII DESIGN OF BURNERS USING MULTIPLE 
OR ANNULAR MIXTURE NOZZLES 


From the experiments reported in Section IV, it is obvious 
that the use of multiple mixture nozzles or an annular mixture 
nozzle can effect an appreciable improvement in the turndown 
ratio of a burner of given type and size. 


It should be emphasized that the basic type of burner, its 
exit velocity and pressure efficiency remain the same, since 
the overall cross-sections of air nozzle or nozzles, mixture 
nozzles and tunnel exit are identical to those detailed for the 
single circular mixture-tube versions in 1.G.D.C.729/60 
(except in the case of type F burners, see below). In all the 
designs described below, the improvement in turndown is a 
result of an alteration in equivalent hydraulic diameter of the 
mixture nozzle, by change of shape, or by use of a number of 
smaller nozzles of the same total cross-section. 


Thus, in all cases, the first step in the design is, as usual, 
the calculation of the air nozzle diameter from the required 
burner throughput and the available air pressure. The 
information is most conveniently obtained from Figure 1 
of 1.G.D.C. 729/60. The same report also gives guidance 
on the choice of a burner type, and the relation between the 
exit nozzle, mixture nozzle and air nozzle sizes. When using 
multiple or annular mixture-nozzles in the case of types F1 
and F3 burners, however, a modification should be made in 
the cross-sectional area ratios that have been published in 
1.G.D.C.729/60. This is due to the fact that multiple mixture 
nozzles are usually in the form of drilled plates, so that the 
nozzles have a sharp-edged entry and an appreciable length of 
nozzle in which frictional pressure losses will occur. Thus, 
the discharge coefficient of the nozzles will be much smaller 
than that assumed in the original design of the Fl and F3 
burners, which used well-shaped nozzles with a tapered inlet 
and relatively short parallel section. The new values of area 
ratios are obtained from Appendix 2 of GC48 using a value 
of S3, the total head loss in the mixture nozzle, of 0°68 
velocity heads. The new area ratios are given in Table 3, 
which includes also the other burner types for ease of 
reference. 


TABLE 3.—Burner Cross-sectional Areas, Relative to the 
Air Nozzle Cross-section, when using Multiple 
or Annular Mixture Nozzles. 








Burner Mixture Combustion Tunnel 

Type Nozzle Chamber Exit 
1 2 3 4 

A 2-78 a 7-46 
B 1-64 12-1 
Cc 3-09 23 6-06 
Fi 2-47 17-5 
F3 3-34 -— 9-28 
D3 3-55 26 | 7-09 





Using Table 3, the total cross-sectional area of mixture 
nozzles may be readily calculated. 

















If a turndown ratio has been specified, the minimum gas 
rate is known and, hence, the minimum mixture velocity 
through the mixture nozzle(s) may be calculated, i.e., 


(R+-1) Q. 


Am 


The mixture nozzle hydraulic diameter corresponding to this 
mixture velocity at the instability limit can be read off from 
Figure 8. 


The problem is then to design a mixture nozzle system that 
will satisfy both the requirements of nozzle cross-section and 
nozzle hydraulic diameter at the same time. If the required 
mixture nozzle hydraulic diameter is greater than that of the 
single circular mixture nozzle design, then, of course, there 
is no need to use any more complicated system. If this is not 
the case, then the smaller hydraulic diameter must be ob- 
tained by recourse to a multiple mixture nozzle or an annular 
mixture-nozzle design. The mechanical details of the design 
will obviously depend on which system is chosen, and will 
now be considered for the two cases. 


m 


MULTIPLE MIXTURE NOZZLES 


Number of Nozzles.—The important factor in the multiple 
mixture-nozzle design is the number of nozzles required, 
which is easily calculated from the total cross-section and the 
hydraulic diameter, i.e. 


4Am 
N 
™D hm 


Injectors.—lf the burner is a type that uses a venturi 
injector, e.g., the types Fl, F3 and D3 shown in Figure IV 
of 1.G.D.C. 729/60, then the multiple mixture nozzle may 
be fed from a single mixture manifold and venturi injector. 


In burners of types A, B and C (Figure 2 of I.G.D.C. 
729/60), an integral parallel injector is formed by the air 
nozzle and the mixture-tube itself. Thus, multiple mixture- 
nozzle designs for these types of burner will, in fact, comprise 
multiple injectors. Examples of the type of construction 
are shown for slot burners in Figures 5 and 6 of I.G.D.C. 
729/60. The size of air nozzle is easily calculated since the 
ratio of mixture-tube to air-nozzle diameters must be the 
same as in the normal single mixture-tube design. It will be 
obvious that muliiple injectors may be mechanically difficult 
to arrange if a large number of small mixture tubes and air 
nozzles are required. 


Mixture Nozzle Lengths.—In burners of types A, B and C 
with integral parallel mixture tubes, the usual mixture-tube 
length of 10-tube diameters from gas entry to the burner 
—" or the spark igniter position, is used as in I.G.D.C. 
729/60. 


When a venturi injector and mixture manifold are used 
(types D and F), mixture nozzles are usually in the form of a 
series of cylindrical tubes and should be not less than six 
tube diameters in length. Very small nozzles (e.g., } in. 
diameter or less) are conveniently produced by a drilled 
plate, in which case the plate thickness should be not less 
than six hole diameters. 


Tunnel Dimensions.—The tunnel exit and combustion 
chamber cross-sections should, of course, be the same as in 
the single mixture-tube versions (with the exception of type 
F). Tunnel lengths, on the other hand, may be much re- 
duced, since the length required for complete combustion 
is a function of mixture-nozzle diameter. Although more 
work is required to determine minimum tunnel lengths, it 
appears that a tunnel length of twelve mixture nozzle dia- 
meters is adequate for most purposes. This reduction of 
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tunnel length, coupled with the use of much shorter multiple 
injectors, can lead to drastic reductions in the overall length 
of A, B and C-type burners, and may in itself be an incentive 
to use multiple mixture-nozzle designs for burners of | 
output, where the overall length of the single mixture-tube 
version would be very inconvenient. 


It may be necessary to experiment with tunnel lengths to 
avoid intense resonant noise. Miultiple-nozzle designs with 
mixture nozzles of the order of 4 in. diameter or less are 
particularly prone to resonant noise. A non-resonant length, 
greater than the minimum required for complete combustion, 
can often be found by experiment, though as yet no general 
solution is known. 


Distribution of Air, Gas and Mixture.—In order to obtain 
satisfactory results with multiple mixture nozzles, uniform 
velocity and mixture ratio must be achieved in all the nozzles. 
Two typical designs are shown in Figures 18 and 19, one fora 
venturi injector and the other having a separate air nozzle 
for each mixture tube. Both circular and slot exit burners 
can be constructed with each form of injection. 
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FiGure 18.—Typical Arrangement of Multiple Mixture Nozzles 
for a Burner Using a Venturi Injector. 
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Ficure 19.—Typical Arrangement for Air and Gas Distribution 
in a Burner with Multiple Injectors. 


In the venturi types (F1, F3, D3), only one form of poor 
distribution is usual, i.e., variation of mixture velocity in the 
nozzles, and is relatively easily overcome by using a large 
mixture manifold. Care should be taken to ensure the 
mixture feed pipe from the injector to the manifold is 
symmetrically placed with respect to the mixture nozzles. 

In burners with separate air nozzles for each mixture tube, 
both mixture ratio and velocity can vary between tubes. The 
following recommendations have been found to give good 
distribution :— 


(i) Large air manifolds with distribution plates should 
be employed to supply even quantities of air to each 
air nozzle. 
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(ii) ‘The arrangement of mixture tubes in circular burners 
should avoid a central tube and more than one ring 
of tubes, since these tend to be starved of gas by the 
outer ring. 

(iii) Gas manifolds should be large enough and the feed 
pipe symmetrically placed to allow the gas to 
approach the mixture-tube entrances at an equal 
low velocity, as in Figures 19 or 20. 
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FicureE 20.—Type C Burner with Multiple Injectors, showing 
Method of Air and Gas Distribution. 


(iv) Care should be taken that the air nozzles and mixture 
tubes are identical in size for each injector, especially 
with slot burners, or variations in throughput and 
mixture ratio will occur along the slot. 

(v) The distance between the air nozzle plate and the 
mixture tube should be about half the mixture-tube 
diameter. 


Ignition. Multiple mixture-tube burners are easily ignited 
by the use of an h.t. spark plug on one of the mixture nozzles.® 


ANNULAR MIXTURE NOZZLES 


Use of an annular mixture nozzle is an alternative method 
of achieving the mixture-nozzle hydraulic diameter required 
by turndown considerations, and read off from Figure 8 
as before. . 

Annulus Dimensions.—It is easily shown, from the definition 
of hydraulic diameter, that the width of the annulus is half 
the hydraulic diameter. Hence, the diameters of the inner 
and outer circles forming the annulus are calculated from the 
known total cross-section. 


Am on ( Dton— Dim ) . on ( Drm t 2Dm ) Dam 
4 4 


Dom = Dim+ Dnm. 


Obviously, the maximum outer circle diameter Dom is 
limited by the combustion chamber diameter, and it may often 
be convenient to use the combustion chamber wall as the 
outer circle of this annulus, so giving the smallest annulus 
width and the highest turndown. 

Injectors.—As with multiple mixture nozzles, the annular 
mixture nozzle may be fed from a mixture manifold and 
venturi injector in the case of burners D3, F1 and F2. 

However, in the case of burners A, B and C with integral 
parallel mixture tubes, the whole injector assembly including 
the air nozzle unit must be of annular shape as shown in 
Figure 21. The air nozzle annulus width must give the same 
total cross-section as in the single circular mixture-tube 
version. 


Mixture Nozzle Lengths.—For burners D3, F1 and F3, 


} 
GAS MANIFOLD 
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the mixture-nozzle length should be not less than six annulus 
widths if a sharp-edged entry is used. A tapered inlet would 
reduce the length required. 

In the case of burners A, B and C. with annular injectors, 
entrainment of gas is seen to take place on one side of the 
annulus only, and, therefore, a mixture-nozzle length of 
10 hydraulic diameters or 20 annulus widths is suggested. 


Tunnel Dimensions.—Combustion-chamber and tunnel exit 
cross-sections should be the same as for the single mixture- 
tube version, but tunnel lengths will again be reduced. If 
the flame front is stabilized on both sides of the mixture- 
nozzle annulus, a tunnel length of 12 times the annulus 
width is suggested. However, if the outer circle of the mixture 
annulus is formed by the combustion-chamber wall, then 
recirculation of hot combustion products occurs only on the 
inner circle and the flame front will be stabilized on the 
inside edge only. In this case, tunnel length of 12 mixture- 
nozzle hydraulic diameters, or 24 annulus widths, are recom- 
mended. 


Very small annulus widths can lead to resonant noise, as 
with multihole burners, but it has been found that moving 
the central spigot forming the annulus inner circle in or out 
of the tunnel can sometimes get rid of the resonance. This is 
probably equivalent to an alteration of tunnel length. 


Distribution of Gas, Air and Mixture.—Constructional 
details can be seen with reference to Figures 21 and 22. 
The most important point with annular burners is to locate 
the core centrally so that the channel width is constant around 
the circle. Slightly off-centre cores produce larger lightback 
figures than expected. With venturi injection, large mixture 
manifolds are usually adequate to overcome difficulties in 
distribution. 

In burner types A, B and C, distribution plates for both 
gas and air should be used as well as large manifolds. Mani- 
fold sizing should be as suggested for multiple mixture 
nozzles. The position of the air nozzle plate is not critical, 
but a good guide is to place it approximately a distance equal 
to the mixture annulus width away from the end of the mixture 
tube. 

Ignition.—This can be achieved easily by placing an h.t. 
spark plug at some point on the annulus near the backplate.* 

It is probable that more work will be needed to develop 
burners with annular mixture nozzles to the stage where they 
become reliable practical burners. For example, the material 
of the end of the spigot forming the inside circle of the annulus 
may need to be of refractory material to withstand the heat 
soaking back from the tunnel. On the other hand, the 
convective cooling from the flowing mixture will be quite 
effective, and one great advantage is that removal and replace- 
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FIGURE 21.—Type A Burner Using an Annular Injector, 
showing the Arrangement of Air and Gas 
Distribution and Annular Air Nozzle. 
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Ficure 22.—Annular Mixture Nozzle for a Type D3 Burner. 


ment of the central core may be made extremely easy. It 
has been thought worth describing burners with annular 
mixture nozzles at an early stage in. their development, 
to stimulate appliance designers to consider their possible 
use. It is not until burners have been used under field 
conditions that some of the advantages and disadvantages 
appear. At the moment, the design and performance as 
far as dimensions, throughput and turndown are concerned is 
known with reasonable certainty, but until they are used on 
actual appliances the performance from the operator’s 
point of view will not be known. 


Practical Limitations on Design Procedure 


The design procedure outlined above for multiple mixture- 
nozzle or annular mixture-nozzle designs represents an ideal 
logical approach, but in practice it may not be possible to 
follow through such a scheme. For example, if a high turn- 
down ratio is specified on a relatively large type C or D 
burner, the size of mixture nozzle will be very small and a 
very large number will be required. A type C burner with 
multiple injectors will in this case be almost impossible to 
construct, and even on a type D burner the drilling time for a 
multihole backplate would be excessive. Difficulty may be 
experienced in fitting in the number of mixture nozzles in 
the available combustion-chamber cross-section. Similarly, 
on an annular type, the required outer-circle diameter may 
be greater than the combustion-chamber diameter. If such 
difficulties arise, it may mean that the wrong type of burner 
has been chosen for the application, and reference to Table 
2, showing the relative turndown capabilities of the various 
types, may help to choose one more suitable. Alternatively, 
choice of a higher air supply pressure decreases the burner 
size and, therefore, increases both.exit velocity and turndown. 
It should always be remembered that the turndown may be 
increased by running with a weak mixture at the turndown rate. 
This has little effect on the overall appliance efficiency, 
especially when the turndown is high, and also helps to keep 
up the burner exit velocity and maintain the recirculation in 
the working chamber of the appliance. 


Vil CONCLUSIONS 


The investigations described in this Paper have made it 
possible to predict and compare the turndown ratios obtain- 
able for a range of air blast tunnel burner types and sizes. 
The information should facilitate the correct choice of burner 
type for a given application. The need for both high turn- 
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down and high exit velocity in large burners can be satisfied 
by the use of multiple or annular mixture nozzles using the 
design procedure given in Section VII. 

Consistent stability diagrams have been obtained for air 
blast tunnel burners by adopting a standardized test proce. 
dure. The operating conditions met with in practice are 
likely to vary considerably and will be difficult to define, and 
this will set a limit to the accuracy with which the experimental 
data may be applied. However, the results of Section [Vy 
seem to show that, once the burner becomes hot, variations 
in mixture nozzle temperatures, caused by varying operating 
conditions, are likely to lead to relatively small variation in 
lightback characteristics. 


Considerably more information would be desirable on the 
temperatures attained by mixture nozzles, to enable the 
most suitable nozzle material to be specified. The heat 
transfer processes controlling the nozzle temperature are 
complex. Heat is received by radiation and conduction from 
the refractory tunnel, and dissipated, by convection to the 
flowing air/gas mixture, by conduction down the mixture 
nozzle to the burner backplate and by radiation and natural 
convection from the mixture tube and the backplate to the 
surrounding atmosphere. At the moment, only relatively 
simple means are used, in practice, to protect the nozzle. 
Protection from tunnel radiation by use of angled refractory 
walls at the rear of the tunnel and use of fins on the back of 
the nozzle to increase convection to the surroundings are 
common methods. Perforated backplates rely on the 
conductivity of a relatively large mass of metal to dissipate 
heat. It is possible that a more serious investigation of these 
heat transfer factors would lead to an improvement of mixture 
nozzle life, or to the use of cheaper materials. 

While the measured lightback rates are consistent with 
theories based on critical boundary velocity gradient in the 
streamline region, no agreement was obtained in the turbulent 
region. This may be due to the increased dependence of the 
burning velocity on eddy processes of diffusion and heat 
conduction, and more fundamental work would be desirable 
on this subject. Burners with mixture nozzles in excess of 
about 0:3 in. diameter will have initial instability limits in the 
turbulent range, which thus covers a major part of the normal 
size range. 

Multiple mixture nozzles are very attractive as a means of 
improving turndown and reducing the overall length of the 
burner. However the more extensive use of small nozzles, 
of 4 in. diameter or less, in the form of drilled backplates, 
is limited by the possibility of resonant noise. There is still 
insufficient known about this phenomenon to design for 
freedom from resonance, and the acoustic theory of the 
noise appears very complex. At the moment, freedom from 
resonance must be found by trial-and-error methods. 


Burners with annular mixture nozzles, although as yet in 
the early stages of development, seem to offer many advan- 
tages both with regard to turndown and in mechanical 
construction. Measurements of lightback gas rates have 
shown that a considerable improvement in turndown fatios 
may be achieved while maintaining high exit velocities. 
Simultaneously, the overall length of the burner is also reduced 
appreciably. Scaling may be reduced, as the core contains a 
large volume of metal that will remove excessive heat from 
the tip by conduction. If scaling does eventually occur, the 
construction enables easy removal of this central core and 
replacement by a new one. Further investigations are 
required into optimum tunnel lengths, provision of ignition 
and flame failure, the tendency to resonant noise and the life 
of burners with annular mixture nozzles. 


Further development of all types of tunnel burners will 
largely be concerned with the details of mechanical design 
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and refractory requirements for improving _ burner life 
under arduous conditions. The only major basic knowledge 
still required is more information on optimum lengths of 
tunnels, particularly for the larger sizes. This work will be 
continued and the results reported when available. 


Although tunnel burners have been in use for many years, 
there is still much to be learnt on the correct application of 
the burners, to use to the best advantage their intrinsic 
merits of high velocity, high intensity, good stability and 
controllability. Several of the current heat transfer studies 
at the Midlands Research Station are concerned with 
increasing our knowledge in this field. 
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PRESENTATION, DISCUSSION AND REPLY 


Presentation 
Mr. M. L. Hoggarth presented this paper. and summarized 
its contents. 
Discussion 


Mr. R. F. Hayman (London):—This may be a good time 
to take a look at the work that has been done over the past 
few years by the Midlands Research Station on the theme 
that one of the best ways of improving the performance of 
town gas-fired equipment is to increase the mechanical energy 
(ie., horse power) available to do work in promoting good 
heat transfer. The extra energy is used to generate higher 
velocities and enhance the convective component of heat 
transfer. 

It will be remembered that, in 1957, Francis and Jackson 
in The Gas Council’s Research Communication GC44 dealt 
with the growing need for higher convective heating rates,* 
since existing burners using air blast injection had severe 
limitations in their ability to make the best use of the available 
air or gas pressures. The Authors established criteria of 
effectiveness of a particular burner injector system in terms 

the need to obtain the maximum velocity and tempera- 
ture in the exit gases, implying that the dynamic pressure of 
the exit gases must, therefore, be a maximum. They defined 

term “pressure efficiency”, which is the ratio of the 
dynamic pressure of the combustion products leaving the 
burner exit to the static pressure of the air supply used to 
operate the burner, 

When this criterion was applied to some existing air blast 

rs normally considered effective in practice, startling 
figures of efficiencies emerged as low as 3 per cent, whereas 
the theoretical maximum pressure efficiency using air blast 
injection in a completely frictionless system is about 70 per 
cent. This disparity sparked off a comprehensive investiga- 
tion into the cause of total pressure losses in jet burners. The 
Authors at that time, while realizing that there were other 
factors involved, notably noise and stability, concentrated on 
configuration of a small range of burners, and reported 
that, while depending on the duty and conditions required, 
was no difficulty in raising pressure efficiency to at least 


3% per cent. A value of 50 per cent was quoted for one design 
of iver. 


Mr. Francis, continuing his work, presented to The Institution 
of Gas Engineers, in 1958, in Research Communication GC48, 
am extension to include the practical realization of several 





* Trans. Inst. Gas Eng., 1957-58, 107, 555. 
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designs suggested in GC44, with a view to making burners 
not only of high pressure efficiency, but achieving the more 
difficult combination of high stability on turndown. He 
showed that, provided attention is paid to the governing of 
gas inlet pressures, the turndown ratios obtained with his 
improved burner were acceptable for normal industrial 
purposes. 


He was able to provide the additional information required 
to develop practical burner systems, and he was also able to 
say that, for any particular heating problem, there seemed no 
reason why a burner of high efficiency should not be chosen. 
In industrial gas practice, reliability is vital; high-pressure 
efficiencies would, for instance, not compensate for the nuisance 
effect of high sensitivity to operating conditions or to environ- 
ment. 


The present paper makes the third of a trilogy. Since 
the publication of the first and second papers, the range of 
applications of air blast burners has increased rapidly; one 
manufacturer, who has played an important part in the pro- 
duction of new burners, has asked for design data for burner 
ratings up to 10,000 cu. ft/hr. While the basic work showed 
no theoretical limit to the size of burner that can be made, 
the major problem of adequate stability remained. The 
flexibility of gas is a big selling-point; in any burner of high 
capacity for quick heating, the ability to turn down sub« 
stantially and with complete stability is most valuable. 


It should be remembered that this additional work was not 
carried out merely for the sake of extending the range of the 
research programme, but to conform to growing industrial 
demands. The rapid and encouraging growth of burners of 
this kind is coupled with demands for automatic or remote 
control. Controls are impersonal and they require complete, 
reliable and rapid response at all times from the burner. 


The significance of this part of the investigation is high- 
lighted in a paper by Atkinson and Hancock (GC69). If there 
are any remaining doubts in anybody’s mind that we no 
longer sell burners in industrial gas practice, but a heating 
system, however simple it may be, papers at this Meeting 
should dispel them once and for all. 


We can now probably say that the work on premix burner 
design is on equal terms with the previous work on pest 
aerated burners, particularly in stability. The difficult problem 
of noise, for so long associated with turbulence, is dealt with 
by Kilham, Jackson and Smith in Research Communication 
GC74.* 





* See p. 251. 
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There will always be the problem of customers’ require- 
ments, heat input, stability, mechanical construction and noise 
to be related, and we are not yet in a position to decide which 
of these criteria should be considered t, or, indeed, whether 
any of them can be considered in isolation: It would seem, 
however, at this stage that the properties of large burners, be 
they pre-aerated or post-aerated, are rather close since in the 
end we are dealing with products of combustion emerging at 
high speeds from a hole in a pipe. Can the Authors say whether 
it is now possible, with the knowledge they have already gained 
and with further work that they may do, to give us some more 
understanding of the extraordinary stability of large post- 
aerated burners, where an enormous range of gas rates is 
possible, through one orifice, with stability at pressures up to 
hundreds of pounds per square inch. This facility is yet little 
used, but it may be of great value in future operations involv- 
ing high-pressure gas. 

I stress again the close and complete relationship in this 
work between research teams and manufacturers; a most 
refreshing combination which one can only wish to see emulated 
everywhere. There may not be to the eye a revolution in 
burner design, but on close examination there can be no doubt 
of the value to consumers of equipment showing over the last 
few years a ten-fold increase in the efficiency of utilization of 
air pressure. 

Mr. R. E. G. Shave (Barlow-Whitney, Limited, Bletchley):— 
I should like to congratulate the Authors on their valuable 
continuation of the two previous papers on air blast tunnel 
burners. 

The statement made in the Introduction, relating to the typical 
stability diagram, that the rich and weak blow-off zones do 
not converge on to the stoichiometric air: gas ratio at air pres- 
sures at least up to 50 lb/sq. in., is of considerable interest 
and I should be pleased if the Authors could make available 
such data as they may have on tests made at these higher air 
pressures, particularly information on the length of tunnel 
required and on whether noise is likely to be objectionable 

The Authors’ experiments on cooling of the mixture-tube 
provide considerable practical information on the most useful 
lines of attack on the problem of mixture-tube tip temperature. 
We have found from experience that, providing thick-wall 
mixture tubes are used and that the end of the tube is firmly 
encased in refractory, satisfactory life can be obtained; should 
there be a gap between the refractory and the outside of the 
tube at the turned end, rapid burning away of the end of the 
tube has been encountered, although the cooling from the air/ 
gas mixture leaves a thin tubular projection on the end of the 
tube. 

It has been found that it is most important, when using 
C-type slot burners installed in refractory enclosures (furnaces) 
operating at high temperatures, that the air supply be left 
flowing through the burner until the equipment and tunnel 
have cooled to a reasonable temperature (about 600°C) in 
— to prevent heat soaking back overheating the mixture- 
tube. 

With regard to turndown ratios, the high ratio obtained with 
the B-type burner makes it a very suitable one for low- 
temperature application. Now, with the additional work pub- 
lished in the paper, the size of burners can go up to large 
capacities of the order of 10 mill, B.t.u., which will soon be 
required. We have already had requirements for burners up 
to 3 to 4 mill. B.t.u. In this respect, the advantages of the 
burner (viz., being compact and having its own combustion 
chamber) cannot be over-emphasized. 

It is of interest to note that, using the design procedure given 
in the paper when turndown is taken as one of the design 
criteria, that a not unsubstantial safety factor is available for 
burner types A and B due to the natural tendency for them 
to run weak on turndown. In this respect, the curves shown 
in Figures 13 and 14 of GC44 are of use as an indication of 
its magnitude. 

I should like the Authors’ comments on how the burner 
shown in Figure 21 was ignited. Ignition appears to be a 
major difficulty with this particular design, although it offers 
considerable attractions, not the least being compactness. 

The requirement for large single burners is increasing and 
the facility with which compact burners can now be designed 
from the data contained in the paper is of immediate value. 


I should like briefly to comment on the question of materials 
of construction, and the necessity for further work. We have 
undertaken some work on this subject of materials and haye 
evolved a design which we feel can be put to more extended 
use, in which the converging tunnel type of burner is cop. 
structed of two different materials to obtain the advantage of 
one material, namely, high shock resistance and thermal cop. 
ductivity, and that of the other, low thermal conductivity 
though not such satisfactory shock resistance. This composite 
design has led to a burner that is proving very satisfactory 
in service. 

Mr. J. Reaves (Industrial Furnaces, Limited, Kingswinford): 
—The Company, with which I am associated has fitted tunnel 
burners to several we of furnaces. One application com- 
prised a slot forge furnace operating at a temperature of 
1,500°C. The results were very encouraging and high eff- 
ciency was obtained. Noise, however, was objectionable when 
the furnace was first installed, and a modification was subse- 
quently carried out that reduced the noise to an acceptable 
level. By using tunnel burners in a properly designed furnace, 
the efficiency was such as to make the running costs competi- 
tive with other fuels, with considerable capital saving. A 
second application is unique and concerns the heating of high- 
pressure air to a temperature of 650°C. The maximum heat 
input amounted to 5 mill. B.t.u./hr; our clients required, 
however, a very high turndown ratio to permit low tempera- 
tures and flows to be obtained without damaging the heat 
exchanger. With the assistance of the Midlands Research 
Station of The Gas Council, we developed a three-tunnel com- 
posite burner with an independent control to each tunnel. To 
describe this burner: imagine a refractory block, 18 in, 
diameter by 12 in. long, with three type-A tunnels on a pitch 
circle diameter of 9 in. The block is encased in a stainless 


steel shroud and the top plate includes mountings for the 
nozzles and mixing tubes. We took special care with the design 
of the nozzles to ensure they remained cool in a 
fitting convection cooling fins. The other equipment to 


burner comprised on/off gas solenoid valve, high-low control 
valves and a gas restrictor; one 6 in. zero governor supplied all 
three tunnels. 


The air for combustion was obtained from a single-stage 
high-pressure blowing fan. In the feed-line between the fan 
and the injector nozzles, a proportioning valve was fitted; 
this valve was actuated by a temperature controller with the 
thermocouple sensing the delivery process air. The control 
system consisted of a full set of electronic gear to each tunnel, 
and push-buttons were fitted with indications of the appropriate 
temperature to mass flow of air; for instance, with three burners 
on, a maximum condition gave a flow of 5 lb/sec of air at 
650°C, and with one burner on the low flow of 4 Ib/sec at 
650°C could be obtained, and, with the proportioning valve 
reducing the flow to one burner, much lower temperatures 
were easily controllable. The overall turndown ratio amounted 
to 30 to 1. 


To give some idea of the gas rates on this heat exchanger, the 
maximum throughput with the three tunnels in operation was 
15,000 cu. ft/hr, but for ignition the control valves permitted a 
flow of 2,000 cu. ft/hr, and opened up after flame stability had 
been obtained. The initial setting of the burners involved the 
adjustment of restrictors in conjunction with analyses taken with 
an Orsat apparatus, and, incidentally, the gas exhaust was 20 
ft up in the air and considerable acrobatics were accomplished 
with the Orsat apparatus, bearing in mind that each tunnel had 
to be set independently and probably a dozen tests were taken 
on each. However, the outcome of all this was that we set 
each burner with a carbon dioxide content of the waste gases 
between 11-5 and 12 per cent. The plant has now been running 
several months, and I can say that all requirements of the tunnel 
burners and, indeed, the heat exchangers have been obtained. 
Two units were installed, and this applies to both of them. 


It is very pleasing to be able to state that, as a result of 
using tunnel burners, the Company has orders for heat ex 
changers requiring the liberation of heat equivalent to 60,000 
cu. ft/hr of gas, and it is proposed to develop tunnel burners 
for this application. 


I should like to thank the Institution for permitting me to 
give this account of a practical application of tunnel burners, 
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and also to thank Mr. Francis and The Gas Council for the 
valuable data given in papers such as the one just presented, 
which enables those of us in industry to produce efficient and 
reliable equipment. Finally, | wouid also like to thank the 
Industrial Section of the South Western Gas Board for the par- 
ticular help given by them in the commissioning of this plant. 

Mr, T. Ward (Bradford):—It gives me great pleasure to 
comment on the excellent paper by Mr. Francis and Mr. 
Hoggarth, who are well known Authors on the subject of 
wuanel burners. I am sure the gas industry will find itself 
deeply in debt to their fundamental work in the not too distant 
future. 

Many gas engineers may be prejudiced against adopting new 
scientific systems, the difficulties of which can be plotted on 
graphs and mathematically examined, for those older systems 
depending upon nature for their inefficient operation. Everyone 
knows that gas cannot burn without air; thus a nozzle-mixing 
burner will not light back and for this reason burners of nozzle- 
mixing type are abundantly found in use in industry. Un- 
fortunately, however, only very limited control is left to us, 
having adopted this type of combustion system, upon the use 
of the pressure energy in the hot products to derive heat 
transfer. 

The North Eastern Gas Board has for many years realized 
the potentiality of jet burners in two particular fields: the 
development of concentrated combustion reducing the dimen- 
sions of the heat source, and the development of streams of 
hot products with high kinetic energy to encourage connexion 
within large structures. 

In this latter field, the work of the Midlands Research Station 
has been of paramount importance. From its publications, 
we are all able to design a burner of type D3 or C to have 
maximum pressure recovery to operate at any output on any 
air pressure in 10 min., yet it appears that no great wave of 
enthusiasm exists in the gas industry to apply these burners in 
industry. A short account of a typical application may serve 
to help to remove doubts in the minds of those who feel a 
little cautious about taking the plunge. 

The glass industry has used vast quantities of gas for genera- 
tions, and we have paid only limited respect to its demands. 
In the North Eastern Gas Board’s Area, where many glass 
containers are made, it is noticeable that small inroads are 
being made by electricity into our markets and that the prestige 
of gas is on the wane. For this reason, jet burners have in 
many cases been applied in an attempt to redeem the position. 

The raising of glass tanks from cold wet brickwork to 
1,000°C is the Board’s latest venture. The normal process is 
to light gas flares in the furnaces, which may be 30 to 50 ft 
long, 30 ft wide and 15 ft high. These flares are increased as 
required till the furnace is virtually full of incomplete com- 
bustion; differentials of up to 400°C exist between the crown 
and the furnace base as the former starts to pass through the 
quartz-cristobalite inversion phase at 575°C, giving unsatis- 
factory expansion. 

A jet burner has been applied to this system, firing its 7,500 
cu. ft capacity down the length of the furnace at a speed of 
500 m.p.h., recirculation currents here produced having a mini- 
mum velocity of 500 ft/min.; a maximum temperature 
differential at a similar point to those recorded by the more 
conventional methods was 25°C. Light-up time has been 
reduced from 14 days to five with a capital saving ranging from 
10s. to 20s./min. 

As a result of this work the gas industry’s stock is rising in 
the glass industry, and the Board will gain many future con- 
tinuous loads as a result of this effort. 

Stress relieving of large mild steel shell is now a routine job 
carried out with laboratory accuracy as compared to a normal 
furnace heat treatment, with a differential of 20°C or less if 
fequired. This is done with 5,000 cu. ft/hr type-D burners, 
There are quite spectacular applications requiring the use of 
large burners. The North Eastern Gas Board has passing 
through its development centre more routine applications of 
these burners, such as for (i) a top-hat stress-relieving furnace, 
(ii) a pit-type annealing furnace, (iii) conversion of a coke-fired 
annealing furnace, (iv) replacement of a combustion chamber 
operating with suction burners giving heat losses of 400 cu. ft/hr 
in a total of 2,000 cu. ft/hr consumption on a dryer, by type-A 
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burner, thus eliminating surface heat loss, (v) 11 vessels for 
stress relieving before the new year, (vi) two glass tanks to pre- 
heat in a similar period. 


With us, these high-velocity burners are past the experimental 
stage and we have standard burners ranging from 500 to 10,000 
cu. ft/hr with flame-failure and magnetic valve control ready 
for immediate requirements, and the Board is designing a 20,000 
cu. ft/hr burner. 


With regard to control of jet burners, it appears that, whilst we 
agree with the papers before us, we suffer little with lightback 
difficulties as most of the applications we have studied call 
only for turndown to 25 per cent of full rated output. If a heat 
input below this is required, kinetic energy will have fallen in 
the products stream of the burner. Uneven heating will result 
in many applications where type-D burners are used. There- 
fore, we build into the burner a concentric air jet, which is used 
at low rates. By this means, process temperature and also its 
distribution can be controlled. 


It would appear from this paper, however, that the perforated 
back-plate employing high mixture pressure is the pattern of the 
future. 

Once again, I thank the Authors for their valuable contribu- 
tion to the industrial engineer’s library. Our copies should in 
a short time become finger marked and bear the scars of 
battles victoriously fought. 


Mr. M. Wright (Incandescent Heat Company, Limited):— 
I should like to thank The Institution of Gas Engineers for 
the invitation to contribute to Mr. Francis’ and Mr. Hoggarth’s 
paper on air blast burners. 


This paper, like all the previous papers by Mr. Francis, is 
very well compiled, and, if the information given is found to 
be as correct as that of previous papers, it should prove to be 
very useful: 

From the point of view of the Company with which I am 
associated, this paper has come at a very welcome time. Over 
the past few months, the Company has installed several very 
large burners ranging from 5,000 to 8,000 cu. ft/hr of gas. 
These burners employ single mixture nozzles and work on air 
pressures of approximately 35 in. w.g. 

On commissioning the equipment utilizing these burners, the 
expected turndown ratio on burners of approximately 5,000 cu. 
ft/hr capacity has been very disappointing. At the time of 
design, it had been anticipated that turndown ratios of the 
order of 4:1 and 5:1 with burners of 5,000 cu. ft/hr capacity 
and 2:1 with burners of 8,000 cu. ft/hr capacity would be 
achieved. From our recent experience, we have come to the 
conclusion that it is virtually impossible, using stoichiometric 
gas/air mixtures, to obtain these turndown ratios, and this 
paper confirms this and also explains why. 

Our most recent experience in the large-burner field has 
been with a D3-type burner of approximately 5,500 cu. ft/hr of 
gas, which has recently been installed in a high-pressure heat 
exchanger for aircraft component testing. Initially, the injector 
was placed away from the combustor block and inter-connected 
by various pipe fittings. Difficulty was experienced in estab- 
lishing the flame within the burner, and flashback was experi- 
enced on lighting up the burner with electric ignition. Flash- 
back difficulties were overcome by fitting the injector directly 
onto the back-plate burner, and, although the burner now 
works reasonably satisfactorily on full load conditions, there is 
a certain amount of resonance from the burner. 


Regarding the section about cooling of burner back-plates, 
the methods described by Mr. Francis appear to be very good 
in basic principles and I have no doubt that, under continuous 
conditions, they would probably work. We have for a long 
time been rather concerned with the amount of heat trans- 
mitted through the back-plate, although we have never been 
concerned about this with regard to flashback. Our main 
interest has been in keeping the igniter relatively cool. 


In the past, in order to keep heat transfer to a minimum, we 
have generally thickened up the refractory in the backplate, 
which, of course, from a heat drain point of view could be 
rather bad and probably worsen flashback difficulties. 


Regarding the section on multiple mixture tubes, we feel 
that if The Gas Council’s findings are applicable to burners 
of 5,000 to 10,000 cu. ft/hr of gas they will be accepted; they 
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are urgently required by industry for large-burner applications. 
In fact, the Company at the present moment has two burners 
that call for multiple mixture tubes, and is looking into the 
possibility of modifying these burners as soon as possible in 
order to overcome turndown difficulties. 

This paper seems to be excellent in its ideas and in its 
results. However, we are not in a position to say whether 
or not the results will work when applied to burners, since, 
generally speaking, it is not until some nine to 12 months after 
a burner has been designed that we shall know whether or not 
the paper is valid. 

Mr. W. H. Smirles (Birmingham):—In this interesting paper 
the Authors have given facts and figures regarding the turn- 
down performance of burners that were formerly only vaguely 
understood: in particular, equations 1 and 2 and Figures 7 to 9 
should be very useful for designers. 

I should like further explanation of Figure 6, where two 
graphs of the type-B and type-D burners show a remarkable 
difference in the ratios between initial instability and lightback, 
I note that D3 is a venturi-type burner. Is the difference due 
to greater uniformity of mixture composition in this case? 

With reference to single mixture nozzles, have the Authors 
found any advantage in making the nozzle protrude into the 
tunnel without direct contact with it, such as is obtained in 
most of the burners with which they have experimented? 


I should like to comment in detail on the multi-hole nozzle. 
We have from time to time been asked for burners quieter 
than the usual air blast burner, for use, for example, in 
processes conducted in works close to houses, and we have 
found considerable help from the use of a multi-hole burner 
head. Sillimanite discs pierced with the appropriate number 
of holes of about 0-1 in. diameter are available and can be 
mounted in a suitably protected socket to work at any normal 
temperature up to 1,400°C, or more. A short tunnel, no longer 
than its diameter, is essential to cut out resonance, but there is 
no virtue in a long tunnel when the flames themselves are so 
short. It might quite easily be that some reduction of noise 
is due to greater stability of the flames for some temperature 
is apparent on the disc, particularly when working in a very 
hot enclosure. The degree of turndown in such an instance 
would be much greater than 5 to 1. Under cooler conditions 
such a disc could be regarded as flameproof. The advantage of 
this type of disc over a perforated metal plate, from the 
point of view of ease of manufacture, lower thermal con- 
ductivity and resistance to temperature on shut-off, is very 
apparent. 


Written Reply 


The Authors, in reply, wrote:-—As Mr. Hayman points out, 
this paper is a logical development from the two previous 
design papers GC44 and GC48. The necessity for the paper 
has largely been brought about by the increase in demand 
for large burners with high turndown ratios. Here, as Mr. 
Hayman says, the requirement is for flexibility of operation, 
and the Authors have tried to show the varying degrees of 
flexibility achieved with each type of burner, and ways to 
improve this. 

Mr. Hayman draws attention to the similarity between the 
great stability towards blow off in the case of both premixed 
tunnel burners and large post-aerated burners. From the 
experience gained in the study of air blast tunnel burners, 
particularly those of the nozzle-mixing variety, it would appear 
that the high degree of blow-off stability exhibited by the post- 
aerated burner, which Mr. Hayman mentions, is due possibly 
to the production of recirculation regions, either by impinging 
jets or by the creation of a low-velocity region of well-mixed 
gas and air behind a bluff body. The combination of these 
factors would enhance blow-off stability by firstly anchoring 
the flame at its base, and, secondly, the presence of the low- 
velocity region provides a zone where the burning velocity can 
easily balance the mixture velocity. Also, for a given through- 
put, the velocity of the mixture or gas is reduced as its area 
is increased so that blow-off becomes less likely the larger 
the tube diameter. As the gas is post-aerated, there is then 
no chance of lightback. . 

Mr. Shave makes a request for any data available on the 
operation of air blast burners at high pressures. The Authors’ 


investigations have shown that the burner designs given ip 
Research Communication GC48 may be used at air pressures 
up to about 10 lb/sq. in gauge. At higher pressures, owing 
to the onset of sonic flow in the air nozzle, the burners rp 
progressively more gas weak as the air pressure increases. Thus 
the injector has to be redesigned by the methods of GC44, 
taking into account compressibility effects. The method js 
detailed in Midlands Research Station Internal Report IRM8, 
and leads to a different air-nozzle size for each worki 
air pressure. The data are thus not so easily camel 
as in the case of low-pressure air supplies. 


It would appear that the noise produced in burners operati 
at high air pressures is largely turbulent jet noise and aaa 
a resonant nature. It may still be objectionable if the burner 
is not enclosed in an appliance structure. The tunnel length 
required to give complete combustion increases with the air 
pressure in a linear manner at least up to air pressures of 
3 Ib/sq. in gauge. Data are not available at the very high air 
pressures at which other tests are being carried out. 

Mr. Shave’s solution of the refractory problem, by the use 
of two materials, one to provide thermal shock resistance and 
the other to provide the necessary insulation, would seem to 
provide very suitable construction for converging tunnels, 
especially when the burner block is embedded in furnace brick- 
work and is not supported by a steel case. 

We endorse Mr. Shave’s comments regarding the life of the 
mixture-tube tip; it is hoped to increase the life of this com- 
ponent, using the design shown in Figure 3. The construction 
shown is aimed at presenting the minimum area of mixture- 
tube tip exposed to radiation from the tunnel while gradually 
increasing the area of cross-section available for the conduction 
away of the heat. Maintaining the supply of cold air after 
switching off the flame, as mentioned in the discussion, is also 
a great help in increasing the life of the mixture nozzle. 

In respect of the increased turndown afforded by the natural 
tendency for the A- and B-type burners to run weak on turn- 
down, it may be of interest to state that, on turndown, some 
types of zero governor tend to give a slightly positive pressure, 
which can reverse this trend. 

With regard to ignition of the burner shown in Figure 21, 
this may easily be achieved in one of two ways: firstly, a 
spark plug can be placed inside the gas manifold, with the 
electrodes into the annular mixture gap and the leads passing 
through the casing; secondly, the design could be slightly 
modified to expose part of the outer annular ring as in Figure 
22 and a spark fitted directly. Alternatively it may be possible 
to use the central annular core to effect ignition. 


An investigation of high-temperature refractory materials 
both of high thermal conductivity and shock resistance, and 
also of highly insulating and lower thermal shock resistance, 
is starting at Midlands Research Station, in addition to life 
tests of burners using the normal castables. A point of 
interest with respect to thermal shock is the fact that the 
burner blocks are heated from the inside, which is contrary 
to the usual thermal shock tests; this will cause the inside to 
try to expand before the outside, producing worse thermal 
shock conditions than are generally encountered. 

We should also like to thank Mr. Shave for drawing attention 
to a textual error in the paper, which has now been corrected. 

Mr. Reaves has described a very interesting example of 
an installation of large air blast tunnel burners. The high 
degree of turndown he achieves is, however, due to the fact 
that two of the burners are turned off and the third run at its 
minimum safe turndown rate. Thus, he has effectively three 
separate burners mounted in one large block. The meth 
described therefore necessitates three completely separated 
sets of control equipment, and separate operation of, ea 
burner. The method is, however, very effective where high 
turndowns are required with very big burners. The method 
proposed in this paper would give, for this type of application, 
one single burner with many mixture tubes and only one set 
of control equipment. It might still be difficult to get a tum 
down ratio of the order of 30:1 as quoted by Mr. Reaves 
using multi-mixture tubes, although it should be possible to 
approach this value. Such applications are typical of those 
the Authors are now encountering and it is pleasing to hear 
of such burners in operation. 
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Mr. Ward gives an account of some quite imaginative appli- 
cations of large high-velocity burners, in which field he and 
his colleagues in the North Eastern Gas Board’s Industrial 
Gas Department have been pioneers. Again, we hear of 
exceptionally large burners being used or required in the near 
future, and the Authors feel that it is fortunate that the 
moderate turndown required will enable a relatively simple 
design to be used. While agreeing that the use of a per- 
forated backplate coupled with high mixture pressures is a solu- 
tion to the problem of very high turndown ratios, it should 
be borne in mind that severe noise problems can result in some 
cases. 


Mr. Wright states that turndown ratios at the stoichiometric 
air/gas ratio for single mixture-tube burners burning gas 
wantities of the order of 5,000 to 8,000 cu. ft/hr are very 
isappointing. With the multiple nozzle and annular nozzle 
burners described, the. Authors hope both to provide sufficient 
turndown and also allow ignition to take place at the low 
rate without flashback occurring simultaneously. 


Overheating of the spark igniter may be overcome by leading 
the h.t. cable through a small-bore pipe and bleeding a small 
amount of the supply air through the pipe directly onto the 
igniter. The method is in use on several applications and 
has been found to be satisfactory. 


The graphs mentioned by Mr. Smirles were specifically 
chosen to present design data, and it is hoped to pee mons these 
in a larger form on detail paper. Figure 7 is already given in 
this form by the Gas Council under reference 1.G.D.C. 729/60. 


The difference in the relative position of the region of light- 
back to the air nozzle in Figure 6 for the type-B and -D3 
burners is most probably due to the shape of a venturi as 
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opposed to that of a straight tube. In the case of the venturi, 
the cross-sectional area is reduced as the air nozzle is 
approached. This causes changes in mixture velocity at each 
section so that the nearer the air nozzle the higher is the 
mixture velocity. It is therefore more difficult for the flame 
to reach lightback to the air nozzle in the case of the venturi. 
In the case of the B-type burner, the mixture velocity 
is constant along the length of the tube and, consequently, 
it is easier for the flame to light right back to the air nozzle. 
It must be stressed that the initial instability of these burners 
is not affected by the mixture-tube shape, but only by the port 
diameter. 

It has not been found that projection of the mixture tube 
into the tunnel will increase the lightback stability, and, as 
mentioned in an earlier contribution to the discussion, this is 
likely to increase scaling if the end of the tube is made from 
metal and is not in good thermal contact with the surrounding 
material. 

We should agree with Mr. Smirles in saying that, for small 
burners, perforated sillimanite discs give high lightback stabi- 
lities, short flames and freedom from noise with the appropriate 
short tunnel, but the method is difficult to apply to large 
burners of, say, 50 in tunnel diameter where the single 
mixture-tube diameter is 3-0 in. It then becomes impossible 
to use small holes, firstly from the fact that the appropriate 
number cannot be fitted in the 5-0 in diameter backplate avail- 
able, due to the necessity for supporting material; and secondly, 
with metal backplates the drilling operation is very lengthy. 

Finally, the Authors would like to thank the contributors 
to the discussion for their interesting and helpful comments, 
and for their evidence that the results of research work on 
tunnel burners is being put to effective practical use. 
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I GENERAL INTRODUCTION 


The 5ist Report of the Committee describes the investiga- 
tions carried out by the staff of the British Ceramic Research 
Association under its Director, Dr. N. F. Astbury. 

The first Paper in the Report introduces a new idea into 
the continuing discussion of the problem of flaking in con- 
tinuous vertical retorts. It will be recalled that the last (SOth) 
Report presented the results of an interim inspection of one 
of the flaking trials that are in progress in various Areas, 
and that the order in which the trial materials were placed 
with respect to resistance to flaking was quite unexpected. 
The materials used in these trials were selected in the belief 
that low porosity and low permeability, allied if possible to 
great strength, were the properties that most favoured re- 
sistance to flaking in silica bricks. In the retorts inspected 
last year, however, resistance to flaking obviously did not 
depend primarily on the predicted properties, but on some 
other property, which could not then be identified. 

A property has now been found that seems to place the 
trial materials neatly in the same order as their resistance to 
flaking. This property is the “critical strain”, and is the 
reciprocal of a property that has been mentioned in several 
previous Reports, i.e., the ratio of modulus of elasticity to 
modulus of rupture. 

“ Critical strain ”’ (i.e., the ratio of the modulus of rupture 
to modulus of elasticity) is. inherently a measure of the 
tensile strain at break. Its values in the trial silica materials 
correspond well with the order of merit observed in the first 
flaking trial, the agreement being particularly good at about 
900°C, which is near the average working temperature at 
the working face of the bricks in the flaking zone. The 
correspondence should perhaps be noted with reserve for the 
present, for it is based on the results of only one trial observed 
at an early stage of the retort’s expected life, although recent 
observations of other trials (described in Section VII of this 
Report) at least confirm the placings of the first and last 
materials in the order of merit. 

Having concluded that a brick’s resistance to flaking may 
depend on its ability to bear a tensile strain, we must now 
enquire how such tensile strains arise and how they may lead 
to fracture. Formal analysis of various models shows that a 
“limiting strain” mechanism of failure is provided by a 
system in which there is a stressed zone on the surface of the 
brick, induced presumably by carbon penetration, very much 
in the way suggested by Laming. 

If we can be sure that a high critical strain imparts good 
resistance to flaking, the obvious next step is to find how high 
critical strain can be built into a silica brick. Before we embark 
on an intensive study along these lines, however, it is very 
desirable that we should be sure that the link between high 
critical strain and resistance to flaking is a general one apply- 
ing to all retort conditions. Unfortunately, the trials are all 
at an early stage and for some years are not likely to be 
available for accurate measurement. 

Some method of measuring the depth of flaking while the 
retorts are laid off for scurfing is urgently required if present 
use is to be made of the current trials. The second Paper in 
the Report describes experiments with two such methods. 
Both require further development, but both have given en- 
couraging results even in their present form. 

The first method employs the technique of photogrammetry, 
which is the basis of aerial surveying. Photogrammetry is 
in essence the measurement of photographs and the applica- 
tion of simple geometry to find the true size and position 
ofthe photographed objects. For most applications, in- 

ing the present one, it is necessary to use stereophoto- 
graphy. The accuracy of the calculated sizes and positions 
depends primarily on the quality of the photographs, and 
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up to the present time the difficulties encountered in photo- 
graphing hot retorts have not been entirely overcome, al- 
though some good pictures have been obtained. Given a pair 
of photographs showing clear surface detail on the retort 
wall, it is possible to determine the’ distance of individual 
features to about +} in. at 10 ft. This information is often 
useful in itself, since it can be used to define the position and 
extent of the flaking zone. It has been used for this purpose 
in a recent observation of one of the flaking trials described 
in Section VII, where photogrammetric measurements have 
shown that the flaking zone has missed some of the trial 
panels. This could not have been decided by visual ob- 
servation. 


Calculated distances together with measured “ bump” 
heights on the photographs will give the depth of flaking if 
it is of the hill-and-valley type with some of the original 
brick surface remaining on the hills. If, however, the flaking 
zone shelves gradually from the un brick a different 
method must be used, by means of which a profile of the 
retort wall is obtained. With good photographs, the position 
of points in the profile can be determined to +} in. An 
example of this technique is described in the Report. 


Orthodox practitioners of photogrammetry would not 
approve of its application for the present purpose. The main 
objection is that the angle of view is wrong, for surface fea- 
tures may be lost in hidden ground. This is true, and the 
method is being used with that reservation in mind. 


The second method of measuring the depth of flaking is 
simpler and more direct than the first. It employs a “ profile 
gauge ” resembling a long comb with movable teeth, set 1 in. 
apart, which is inserted into the retort and manipulated into 
contact with the wall over the length of the flaking zone. The 
operation calls for some skill and much fortitude, but, if it is 
properly carried out, the positions of the teeth when the 
gauge is withdrawn indicate the contour of the wall, with an 
accuracy that is thought to be about +4 in. This method is 
superior to the photographic procedure in that there is no 
“hidden ground ” that is not penetrated by the probes, and 
at the moment it is the only method that can be applied to 
the wall under the observer’s feet. It has the disadvantage, 
in its present form, that it can only reach the parts of the 
retort wall lying under the top opening. A cranked handle 
will now be tried, which will enable the gauge to cover the 
whole width of the wall and possibly also to reach the opposite 
wall where its measurements would supplement those of the 
photographic method. 


It is thought that these methods, which were primarily 
intended for use with the flaking trials, may be of general 
interest since a knowledge of the exact state of the flaking 
zone will often be helpful in drawing up repair schedules. 


The third Paper in the Report is in the nature of a postscript 
to an investigation described last year on the rate of burning of 
scurf. It will be recalled that the rate of burning between 900° 
and 1,200°C was found to be substantially independent of 
temperature and to depend primarily on the air supply. In 
the discussion of the Report, Dr. Blakeley pointed out that 
900°C must be near the lower limit of temperature indepen- 
dence, and that the temperature-dependent range would 
probably be found to begin just below 900°C. This point 
has now been checked by extending the temperature range 
of the measurements down to 480° and up to 1,400°C. The 
results are in line with Dr. Blakeley’s findings and show that 
combustion of scurf can just be sustained at 480°C, that the 
rate of burning is almost linearly related to temperature 
between 550° and 650°C, and that between 650° and about 
800°C it passes through a transition from direct dependence 
to independence. 
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The third Paper, also, includes results of some experiments 
on the effect of adding steam to the combustion air. They 
show that the rate of burning is definitely reduced by the 
presence of steam, although the mechanism of the effect is 
not clear. In practice, the introduction of steam into a 
scurfing retort will have a secondary effect in that it will 
reduce the amount of air induced by reducing the negative 
pressure. 

The fourth Paper brings up to date the information, 
presented in the 49th Report, on the behaviour of refractories 
in oil-gas plant. Recent visits to catalytic oil-gas plants have 
confirmed the earlier observation that the refractories in the 
combustion chamber become glazed and may “ peel” on 
cooling, but not to any serious extent ; that some spalling, 
again not serious, may occur in the air preheater ; that little 
or no damage to the refractories occurs in the catalyst vessel ; 
and that serious damage occurs only in the steam preheater 
or regenerator. It has been possible this year to measure 
the temperature near the top checkers in this vessel, and to 
inspect the inside of the vessel through a water-cooled 
periscope. 

An appendix to this Paper gives a description by Mr. 
Wylde, of the North Thames Gas Board, of experiments 
carried out in the checkers of catalytic oil-gas plants and of 
carburetted water gas plants. These experiments included 
the use of cordierite bricks and silica bricks in the top courses. 
Cordierite bricks have low thermal expansion and should, 
therefore, have good resistance to thermal shock ; neverthe- 
less, in the checkers they were shattered almost immediately. 
The failure of cordierite to withstand the prevailing conditions 
has been confirmed by trials initiated by the Research 
Association. Silica bricks have even lower thermal expansion 
than cordierite if the temperature remains above about 400°C. 
In the top checkers of a North Thames carburetted water gas 
plant, silica bricks cracked extensively, but were not shattered. 


All these experiments point to very severe thermal shock. 
The temperature measurements referred to above confirm 
this diagnosis by indicating rates of heating and cooling 
reaching 200°C/min. in the top course. A simple experiment 
in the laboratory, followed by a brief calculation, shows that 
such rates of temperature change would produce tensile 
stresses in a brick about 10 times as great as its tensile strength. 
Under such conditions, any brick will crack, but the manner 
of its cracking will depend on its nature ; cordierite bricks, 
which are dense, will shatter ; firebricks of open texture, such 
as those commonly used in this position, will crack gently. 
Even these “ gently-cracking ” bricks, which would normally 
remain in one piece, will eventually be disrupted by carbon 
deposition in the cracks. The replacement of the top course of 
bricks by high-temperature alloy blocks, which is now being 
tried in the checkers of several plants, provides a solution to 
the problem of thermal shock, but there is an additional 
problem of choking of the gas ways by ash and carbon 
deposition, which is quite independent of the material used, 
and for which a solution must be found in terms of design 
or operation. 

It now seems certain that checker trouble is encountered 
only in plants operating on 950 sec. oil. Several plants are 
now gasifying light distillate (P.F.D.), which seems to leave 
the refractories quite unharmed. 

The fifth Paper in this Report describes some recent 
developments in the testing of refractory materials. Some 
of the tests applied to refractory materials are measurements 
of physical properties, such as porosity and permeability, 
which have definite values. Such tests only require attention 
to detail to yield a determinate result. Other tests bring a 
number of properties into play in some indeterminate com- 
bination, and the result obtained is entirely dependent on the 
testing conditions employed. In this category, we have the 


tests for refractoriness-under-load, refractoriness, and cold 
crushing strength. These tests in their present forms haye 
been in use for many years, and a store of experience has been 
accumulated in terms of current values obtained under current 
conditions. If for any reason it seems desirable to change 
any of these conditions, the change should not be made with- 
out careful consideration, since it might alter the values 
ye and make the new results meaningless in terms of 
old. 


A change of this kind is being considered by the Refrac- 
toriness-under-Load Committee of the Research Association, 
which has recently found that the chief source of differences 
between laboratories in the rising-temperature test now is 
column expansion, which is a furnace characteristic and ig 
not easily controlled. Its effects can only be eliminated by 
correcting all rising-temperature under-load results to zero 
column expansion, which would have the effect of moving all 
the values down the temperature scale. Column expansion 
does not seriously affect the maintained-temperature test, and 
it is hoped that forthcoming co-operative tests will show a 
degree of concordance similar to that now found for the 
rising-temperature test and will strengthen the case for the 
general application of this form of test. 


The standard refractoriness test in this country, as in 
others, is based on the use of pyrometric cones, and it is 
disturbing to realize that these cones are not at present subject 
to the scrutiny of any standardizing authority. It is suggested, 
in the second part of this Paper, that refractoriness should 
properly be measured in terms of temperature, without the 
intervention of standard cones. This suggestion is usually 
met by objections of a largely traditional nature, and it is 
hoped that the arguments set out in this part of the Paper 
will receive careful study. Fortunately, this change could be 
introduced without altering the values obtained for refrac- 
toriness. 


If a refractoriness furnace is improved until its temperature 
uniformity is as good as it should be, the cones cannot be 
seen. The fall of a cone can be detected by electrical means 
= these conditions, and the Paper describes how this is 

one. 


The third item in this section advocates a change that may 
be of importance to the Gas Industry. In the measurement 
of cold crushing strength as described in the present British 
Standard, tarred roofing felt is used as packing material, and 
the Testing Committee of the Research Association now 
suggests that this material should be replaced by cardboard. 
Since, however, the values obtained with cardboard as 
packing are roughly double those obtained with roofing felt, 
the change could have important consequences in acceptance 
tests. 


The remaining parts of this section deal with experiments 
by the Research Association on the measurement of perme- 
ability and of the porosity of granular materials. 

The sixth Paper in the Report, dealing with the progress 
of other investigations, is rather fuller than in previous years, 
since it contains further interim reports on the flaking and 
iron-spot trials. Flaking trials have been inspected at three 
Works. At the first, only visual examination was possible, 
and the Paper calls attention to the unsatisfactory nature 
of a visual assessment. All that could be said of the trial 
materials in these retorts was that D was flaked least, on the 
average, and that E appeared to be rather worse than the 
others. At the second Works, all the retorts had flaked very 
lightly, and on some faces the only flaking to be seen corres- 
ponded with the position of material E. At the third Works, the 
Research Association observers tried to make a visual assess- 
ment of the trial panels, but were defeated by the total 
absence of pattern in the flaking. Photographs were taken of 
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qwo of the retorts, and here photogrammetry proved its 
worth by demonstrating that the flaking zone was narrow and 
high in the retorts and had in fact missed most of the lower 

. Visual assessment in these circumstances can be 
quite misleading. 

One of the most interesting features of the progress report 
is the description of a cold inspection of a continuous vertical 
retort containing iron-spotted bricks. The gist of the report 
js similar to that of previous reports on the iron-spot trials : 
no harmful effect is evident. In this retort, the spots in the 
flaking zone had disappeared with the rest of the brick face, 
those in the erosion zone had enlarged very slightly, super- 
ficially, but not in depth, the remaining spots being unchanged. 
A cold inspection of a horizontal gas retort containing 
adventitious iron-spots has also been made. Here again no 
harmful effect was detected. Interim reports on iron-spot 
trials in other areas have been collected, and these too are 
negative in that no effect of any kind, attributable to the spots, 
has been detected. 

There has apparently been a revival of interest in the 
production of activated coke, and enquiries have been 
received from several sources as to the possible effect on the 
refractories of the alkali added to the coal. There is remark- 
ably little information to be found on this quite important 
matter, and experiments have now been initiated in the 
Research Association’s laboratories to discover in the first 
instance how the alkali is shared between the retort re- 
fractories and the charge. Preliminary tests have been 
carried out in a small experimental retort to simulate operating 
conditions as far as possible, but there has been some difficulty 
in obtaining an “ alkali balance”, and it will be necessary 
in this preliminary work to reduce the scale of the tests so as 
to permit a greater degree of control. Evidence has already 
been obtained, however, of a progressive absorption of alkali 
by the refractories. 

Other items in the progress report deal with a new apparatus 
for measuring the tensile strength of refractories, the progress 
of the long-term investigation on spalling, and the research 
that has recently been started on the properties and behaviour 
of mouldable and castable refractories. 


If A NOTE ON THE SIGNIFICANCE OF “ CRITICAL 
STRAIN” IN THE FLAKING PROBLEM 


By N. F. Astbury, W. R. Davis and F. T. M. Smith 


(1) INTRODUCTION , 


The problem of flaking in continuous vertical retorts, 
which has received so much attention in recent Research 
Reports to The Gas Council, has not so far given rise to any 
generally accepted theory of the mechanism of the effect, 
nor has it been possible to correlate the behaviour of bricks 
im service with any of the more obvious physical properties 
that could be measured in the laboratory. Physically, the 
problem of flaking is essentially a problem of failure under 
stress and must thus involve some criterion of failure for the 
class of material involved. 


It is the purpose of this note to suggest such a criterion. 
This is made possible by the results of the field trials on flaking 
Teported in Paper II of the 50th Report of the Joint Re- 
fractories Research Committee, and by the application of an 
idea originating in the work of W. R. Davis, some of which 
has been presented in the 48th Report.! 
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(2) THe RESULTS OF THE FLAKING TRIALS 


The flaking trials to which reference has just been made 
were based on a series of layouts of planned panels in a 
number of Works, in one of which a family of panels became 
available for inspection last year. Five types of brick, 
designated A, B, C, D and E, were used in the trials, and, on 
the basis of visual examination, they were classified in a mean — 
order of merit, D. C. B. A. E.* It is perhaps worth emphasizing 
that, although the assessment was not metrical, the agreement 
between two independent observers was very good, and the 
pattern of distribution in the retort faces had been worked 
out so that positional effects could be cancelled out by 
suitable summing of observed ratings. It was in fact found 
that the sum of the order-of-merit marks was closely in 
agreement for each face and each position. This gives some 
internal check on the validity of the assessment. Recent 
inspections of trial retorts at three other Works, which are 
described in Section VII of this Report, were made under 
conditions that prevented accurate observation, but they 
confirm the above order of merit, in part at least, by clearly 
placing D first and E last. It was noted in last year’s Report 
that “ the order of merit does not correspond with the order 
of porosity, permeability or of cold strength, which were the 
properties under investigation in the trial”. It was, however, 
— that brick D had the highest refractoriness-under-load 
value. 


(3) THe CONCEPT OF CRITICAL STRAIN 


W. R. Davis", in the Paper cited, showed the existence of a 
relationship between Young’s modulus and modulus of 
rupture that appeared to be characteristic of the type of 
material under test. He expressed his results as the ratio of 
Young’s modulus to modulus of rupture, and showed that 
that this ratio was of the order of 1,000 for silica and siliceous 
refractories, and between 4,000 and 7,000 for various types 
of basic refractories, and he proposed that these results 
should be applied as the basis of a non-destructive method of 
estimating strength in terms of Young’s modulus. We now 
take the same concept, but present it in a different aspect by 
pointing out that the ratio of modulus of rupture to Young’s 
modulus can be regarded as the strain at break, or critical 
strain ¢-. We have 

B 
t= — 
where B is the modulus of rupture and E the Young’s modulus. 
The characteristic values of ¢, that arise from Davis’s work 
thus suggest that it might be used as a criterion of failure for 
our particular class of (brittle) materials. This is somewhat 
similar to the St. Venant ““ Maximum Strain Theory ”.* 

We must examine a little more closely the factors involved 
in the expression for ¢-. The modulus of rupture is deter- 
mined from three-point static loading on a bar, and is cal- 
culated as the stress at break in the most extended filament 
in the bar. Young’s modulus is determined by a dynamic 
(vibration) method‘, and is thus likely to exceed by a few per 
cent the value determined statically. For our present purpose 
we may disregard this difference and say that «- as defined 
above is therefore the tensile strain at break. We propose 
now to examine the relevance of this quantity in relation 
to the observed performance of bricks, A, C, D and E in the 
flaking trials. (No specimen of brick B was available for the 
present series of measurements.) 


(4) MEASUREMENTS OF MODULUS OF RUPTURE AND 
YOuNG’s MopuLus 


Modulus of ruptur e measurements were made on specimens 
9 in. X 1 in. X 1 in., symmetrically supported on knif 
7 in. apart and loaded at a nominal rate of 20 Ib/min. About 
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10 specimens were broken for every material, and measure- 
ments were made at 20°, 200°, 400° 800° and 1,000°C. The 
results showed the normal variance of about 10 per cent 
expected in this type of test : the mean values of modulus of 
rupture are plotted as a function of temperature in Figure 1. 
There is a considerable difference between the weakest and 

‘ strongest of the series, and, indeed, brick D, rated first in the 
flaking trials, is the weakest of the four. 
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Ficure 1.—Variation of Modulus of Rupture with Tem- 
perature. 


In measuring elasticity and modulus of rupture at room 
temperature, it is, of course, possible to carry out both 
tests on the same specimen. In our present case, this is 
impracticable and elasticity measuremonts were taken on 
separate specimens, five or six bars being used for each 
sample. The test bars were heated at about 250°C/hr and 
“* spot” readings of resonant frequency taken at appropriate 
temperatures. The results are shown in Figure 2. 

For every sample at any given temperature, the value of «- 
was calculated as the mean of the five or six ratios obtained 
by dividing the average value of modulus of rupture by the 
individual value of Young’s modulus, and these results are 
plotted in Figure 3, from which it appears that material D is 
easily the best material if critical strain is taken as the 
criterion. It is perhaps useful to summarize the information 
in the form given in the following table :-— 


Order of Merit Based on Critical Strain and as Observed. 


{ 


Observed 








| 
| 
| 
| — 
| 


The observed order of merit is very clearly similar to that 
given by critical strain rating at about 900°C. It will be 
observed that the curves in Figure 3 appear to be con- 
verging above 1,000°C. If the temperature of the working 
face of the bricks in the flaking zone fluctuates about a 
higher temperature than 1,000°C, the trial materials may not 
differ as markedly as in the retorts seen last year. We 
obviously need information on critical strain above 1,000°C, 
and the necessary measurements are in progress. 


w 
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FIGURE 2.—Variation of Modulus of Elasticity with Tem- 
perature. 
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FiGureE 3.—Variation of Critical Strain with Temperature. 


(5) FRACTURE MECHANISMS 


We now appear to be confronted with a situation in which 
the fracture is determined by critical strain, but it must be 
borne in mind that this situation rests only on the present 
metrical tests (although it looks as though the position may 
be strengthened by other observations now being noted), 
and it could also be argued, with almost equal force, that 
compliance (or reciprocal of Young’s modulus) was the 
determining factor. However, we shall, for the moment, try 
to envisage a failure mechanism which might be dominated 
by a limiting strain in the brick. 

The brick with its layer of scurf forms a kind of duplex 
beam with a thin member (the scurf) lying upon and attached 
to a thick member (the brick). It is reasonable to suppose 
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that this is subject to compressive stresses parallel to the 
scurfed face, and under such stresses the thin member would, 
of itself, tend to buckle. A first question, then, is : can this 
state of instability be reached when the thin beam is stabilized 
by adherence to the thick beam? Formal analysis shows that 
the stress necessary to make the scurf layer buckle must be 
of the order of the elastic modulus of the brick itself, and this 
is manifestly impossible. Next, we enquire what might happen 
if the lateral stresses were of the order of the compressive 
strength of the scurf. In this situation, we could envisage 
“ shear cracks ” in the scurf inclined at 45° to the face of the 
brick, leading to a wedging action that would force off a 
flake. We can look at this in two ways. If the lateral stress 
(presumably of thermal origin) is S', the tensile stress, P, 
normal to the face, tending to pull off a flake of thickness h 
and diameter d will be of the order of S'h/d. If it is a flake of 
scurf that is detached, then if E, be the Young’s modulus of 
the scurf and « the tensile strain, while 9 is the thermal 
strain, we would have 


¢E, ~ SEsh/d or « ~ 0 A/d 


which gives a condition for the detachment of a flake of scurf 
and does not involve the properties of the brick. If a flake 
of brick is forced off, then we can write simply for the failure 


condition 
P ~ Shi/d 


which indicates a maximum stress condition for failure. Thus’ 
this mechanism would favour brick E, which is the worst in 
the series, and we have therefore to reject it. We are then 
forced to a situation similar to that suggested by Laming’, 
and we can argue that the part played by the scurf is to induce 
stresses in the immediate face of the brick itself by some 
mechanism dependent upon the penetration of carbon into 
the system. If this penetration gives rise to a stress S', corres- 
ponding to a strain y, we then have for the tensile stress, P’, 
tending to pull off a flake of brick 


P! ~ S'h/d or P! ~ yE»sh/d or ©! ~ yh/d 


where E» is the Young’s modulus of the brick and ¢ is the 
tensile strain. This gives a fracture condition dependent on 
limiting strain, which is what the present tests require. 


This analysis is crudely evaluated, but some colour is lent 
to it by experiments on the failure of silica bricks under 
conditions in which a thin surface layer is subjected to 
lateral compression. For these tests, a specimen brick was 
placed between the platens of a compression testing machine 
and was separated from the platens by steel strips, § in. thick 
and from } to } in. wide laid along corresponding parallel 
edges at top and bottom, so that the load was effectively 
placed upon thin zones on opposite faces. These pre- 
liminary experiments showed a flaking fracture similar to that 
observed in practice, and it may well be worth while to study 
more closely a simulative test of this kind. 


(6) CONCLUSION 


The present tests suggest very strongly that the behaviour 
of bricks in the flaking zone can be classified either in terms 
of critical tensile strain or in terms of elastic compliance. 
In other words, the most ductile brick gives the best per- 
formance, and by ductility we imply high tensile strength and 
low Young’s modulus. It is not easy to suggest an overall 
ceramic formula that will prescribe for both these char- 
acteristics : attempts to control one of the factors tend to 
induce a similar control in the other, and the best suggestion 
to be made here is probably that of achieving a judicious 
balance between crystalline and glassy components with as 
close a thermal match between them as possible. 

However, the tensile-strain criterion is to some extent 
compatible with Laming’s view of a stressed layer in the 
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brick just below the scurf, and preliminary simulative experi- 
ments on fracture under these conditions lend support to 
this. This allows us to disregard the scurf per se, and to 
consider its function solely as contributing to the development 
of stress in the surface layer or transition zone. Thus, if this 
stress could be relieved, it would prevent flaking. There 
is a very simple way in which this might be done. If the 
inward facing edges of the bricks in the flaking zone were 
given a slight chamfer, of the order of } in., and if the joints 
between the chamfered edges were raked back, then the brick 
faces would not be subject to the compressive stresses 
postulated above. It is suggested that this treatment is 
worth a trial when the opportunity arises. 


APPENDIX 
NOTES ON THE FRACTURE MECHANISM CONSIDERED 


(a) Buckling of a Compressed Coating Adhering to a Base 


This problem has been analysed for a model consisting of 

a semi-infinite base (Young’s modulus E, Poisson’s ratio c) 
upon which is a flat coating of thickness A (Young’s modulus 
E,, Poisson’s ratio c,). When the coating buckles, there 
are two subsidiary effects : tangential displacements of the 
interface occur, and tangential tractions across the interface 
arise. We neglect the first and second when considering the 
base and coating respectively. The analysis then shows 
that two modified moduli of elasticity are involved, viz : 

3E (1—<) 
(base) EE’ = 





(1+ 4)(3- 40) 


E, 
(coating) E£,’= 
|—<«,? 


Suppose that (before the coating buckles) it is in a uniform 
state of stress, and, with the convention that a compressive 
stress is positive, let the stresses in the coating, in the two 
principal directions in its plane, be p and p*, where p>p*. 

The buckling stress is pc, where 


pe = tE”* E’;. 
When p< pc, the coating cannot buckle. When p= pz, it 
begins to buckle, and can assume the shape of a simple sine- 


wave, with crests running at right-angles to the direction 
of p. In this case, the wavelength is >, where 


i 8 
= 2n* BE’, /E’. 
h 


These results apply to a model having infinite horizontal 
extent and an infinitely thick base. With a layer of bricks, 
of finite superficial area and finite thickness, the extent to 
which these results are modified will depend on the value of 
the wavelength » in relation to the dimensions of the layer ; 
if the thickness of the layer exceeds a wavelength, and the 
dimensions of its coated face are of the order of of several 
wavelengths, the results will give an order of magnitude. 
In this connexion, we may note that E’ and E’; lie within 
11 per cent of E and E, respectively, provided ¢o lies between 
0 and 4, and o, between 0 and 0.3. 

The coating will fail in compression, we can assume, when 
the strain is of the order of 107°, and certainly before it 
reaches 10™*. Thus, buckling (as opposed to fracture) 
cannot occur unless p-/E,< 10°* or E/E,< 2x10*. In the 
flaking problem, E (the modulus of the brick) is almost 
certainly much greater than E, (the modulus of the scurf), 
so that this condition can never be reached and the coating 
cannot buckle. 
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(b) Wedge Effect of Cracks in the Coating 

With a similar model, suppose the coating is subject to a 
compressive stress S in all directions in its plane. If the 
coating fails in simple compression, we may expect cracks 
in the directions of maximum shear stress, and inclined at 
45° to the plane of the coating. In general, such cracks will 
appear irregularly distributed over the surface, but, for 
simplicity, suppose we have a circular crack bounding a 
circular flake of diameter d and thickness h. Neglecting 
friction between the faces of the crack, the reaction between 
these is a force at 45° to the horizontal. The horizontal 
component per unit length of crack is Sh, and this, also, is 
the vertical component, so that the total upward vertical 
force on the circumference of the flake is ~dSh. If P is the 
mean vertical stress over the interface between flake and 
base, we must then have 

mdSh = 4xPd* or P = 4Sh/d. 

In the main part of this note, it is pointed out that, if the 
coating of the model is taken to be the scurf itself, this leads 
either to simple rupture of the scurf itself or a maximum 
stress condition for rupture of the brick. If, however, the 
coating is a strained layer of the brick conditioned by the 
absorption of pyrolitic carbon, it does lead to a maximum 
strain condition. 

It should be noted that this analysis does not take account 
of possible—and indeed probable—uneven distribution of 
tensile stress, under which the maximum value of vertical 
stress might greatly exceed the mean. 


Ill FLAKING IN CONTINUOUS VERTICAL 
RETORTS 


A Stupy OF PHOTOGRAMMETRIC AND MECHANICAL 
METHODS OF MEASURING THE DEPTH OF FLAKING 
AT WORKING TEMPERATURES 


By J. F. Clements and L. Sabiston 


(1) INTRODUCTION 


A number of trials of special silica materials in the flaking 
zone of continuous vertical retorts are now in progress in 
various parts of the country, and last year by a fortunate 
chance an opportunity occurred to make a cold inspection 
of one set of trial retorts. This inspection, which was des- 
cribed in the 50th Report, placed the trial materials in a quite 
unexpected order with regard to severity of flaking. It now 
appears that a property of the bricks, known as the “ critical 
strain’, places them in practically the same order, and it 
seems highly probable that it is this property that determines a 
brick’s resistance to flaking. The possible relationship 
between critical strain and flaking forms the subject of the 
first Paper in this Report. 

It is always dangerous to base a hypothesis on the results 
of one experiment, and it must be clearly remembered that 
only one set of trial retorts was inspected last year. The 
degree of flaking in these retorts will have been influenced 
by the type of coal carbonized and the operating conditions, 
and it is possible that the order of severity of flaking may 
not be precisely the same in the other trial retorts. 


Observations on other retorts are, therefore, urgently 
required in order to confirm the validity of the critical-strain 


hypothesis, but, unfortunately, the remaining trials will nop 
be available for cold inspection for another two or three years, 
Some means of assessing the depth of flaking when the retorts 
are scurfing is a special requirement of these trials, by 
information on the condition of flaked retorts is often required 
by engineers when repair schedules are being decided, ang 
from this point of view the accurate measurement of flaking 
may be of general interest. 

It is notoriously difficult to assess the depth of flaking 
with any accuracy by simple visual inspection from the top 
of the retort. Two methods giving promise of more accurate 
measurement are being studied and some preliminary results 
are described in this Paper. The first method is based on the 
techniques of photogrammetry, i.e., the measurement of 
photographs of the retort walls ; the second is a mechanical 
method employing a profile gauge. At the present stage of 
their development, the methods are complementary, since 
the photographic method can only be used on the coalbox 
side, and the profile gauge on the platform side. 


(2) PHOTOGRAMMETRIC METHODS 

(a) Stereophotography 

The stereoscopic sense in human vision depends on the 
convergence of the eyes on to an object, the degree of con- 
vergence being used by the brain to form an estimate of the 
distance from the eyes to the object. If 9 is the angle through 
which each eye has to turn inwards to fix on an object at 
distance /, and d is half the inter-ocular distance, 





6 = tan™ 4/] 
dé d 

AMA —— Wh eee cece eee e ee eees (1) 
dl [?+-d? 


Since, as can be seen from equation (1), the change of 
convergence angle per unit change in the distance of an object 
falls off rapidly as the distance increases, one’s perception 
of the relative position of distant objects becomes less accurate 
as the objects become more remote. 

When one looks at the flaking zone of a continuous vertical 
retort, the eyes are 10 to 15 ft from the brickwork. This is 
just too far for the stereoscopic sense to function accurately, 
and the brain cannot form a confident estimate of the distance 
of points on the wall. It needs such an estimate to translate 
the eye’s impression of surface roughness into a concrete 
estimate of depth of flaking. The peculiar lighting conditions 
produced by the incandescent walls, and the absence of 
familiar objects that the eye can use as units of size, also 
add to the difficulties of the observation. The eye is, of 
course, quite at a loss to deal with the “ shelving ” type of 
flaking, where none of the original surface remains. 

Equation (1) shows that the stereoscopic effect can be 
increased by increasing the distance between the points of 
observation (normally the eyes). This can be done by taking 
a pair of photographs from viewpoints separated by more 
than the normal inter-ocular distance. The resulting photo- 
graphs can then be viewed in a stereoscope to give a three- 
dimensional image. Unfortunately, the eyes will not tolerate 
excessive exaggeration of the stereoscopic effect and refuse to 
“ fuse ” the resulting images. 

The required effect can be obtained by reducing the apparent 
distance of the object by photographic enlargement, and 
increasing d, the “ base”, correspondingly. It was first 
decided that the subject, a rough brick surface, could best be 
viewed stereoscopically at a distance of 2 ft ; with a normal 
inter-ocular distance of about 2} in., this gives an angle of 
convergence of about 6°. The same angle is produced by 
photographing an object at 10 ft from two positions 12 m. 
apart. If the resulting pictures are then suitably enlarged, the 
subject can be made to appear the same size, when viewed 
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through the stereoscope, as it would when viewed by natural 
sight at a distance of 2 ft, and the right- and left-hand images 
should fuse easily since the convergence angle is correct. 


{b) Photogrammetry 
Given a three-dimensional picture of the retort wall, it is 
easy to distinguish the hills from the valleys, and for any 
a hill at the same distance from the camera can be 
found. (It is the doubtful correspondence in distance 
between hills and valleys that makes normal observation 
uncertain). Corresponding peaks and troughs can be marked 
on the photographic prints and the apparent depth of the 
trough can be measured on the print. In order to translate 
this measurement into a real depth on the wall, the magnifica- 
tion of the image must be known, and this in turn calls for an 
estimate of the distance of the object from the camera. This 
distance can be found by the technique of photogrammetry. 
Consider a pair of photographs taken from camera positions 
Aand B (Figure 4) separated by a distance b, the camera axes 
being parallel in the two positions. A point P at a distance Y 
from the base line will throw an image at M on one plate 
and at N on the other, these points lying at distances x, and 
%_ respectively from the vertical axis of the camera. If this 
axis is marked by a cross-wire in the focal plane of the camera, 
the distances x, and x2 can be measured on the plates. In 
Figure 4, let AC be drawn parallel to BN, giving MC = 
X1— Xe. 


By similar triangles, 





X1— Xe AM 
b AP 
AM ‘ 
and —— = — where f is the effective focal length 


AP Y 


from which Y = 





X1—Xe 


If the lateral distance X from either projected camera axis 
is required, it is found from 








xiY xXeY 
; = or Xo SE ee 56. 0.00.01 010-0 0.0. 6-0:0-0.0.0:6-0,0) 018 (3) 
f 
Similarly, the size O of an object is given by 
oY 
f 


where o is the size of the image on either plate. 


X,, X2 and O can also be found, without knowledge of the 
effective focal length, by substituting for Y in the above 
equation, when 


Xyb Xeab 
i = . ie = , etc. 
X1—Xe X1—Xe 


{c) Profile Plotting 


__ If the flaking in a retort is of the hill-and-valley type, and 
if the peaks of the hills represent the original brick surface 
80 that the depth of the valleys is equal to the depth of flaking, 
then the latter can be found by simple measurement on the 
photographs and application of the above equations. If, 
however, the flaking has developed into a shelving depression 
in the wall, a slightly different procedure is called for. 

Figure 5 illustrates the procedure used to plot the profile 
ofaretort. The distance z of a point image from a horizontal 
teference line on one plate of the stereo pairs is measured, 
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FiGurE 4.—Principle of Photogrammetric Determination of 
Object Distance. 


and the displacement Z of the corresponding object from the 
line of sight (the projected camera axis) is found from 


zY 


If the Z and Y values are plotted for a number of points in a 
vertical line on the retort wall, the profile of the wall in that 
plane is obtained. 


It must be emphasized that this method of plotting would 
not be acceptable in terrestial photogrammetry, since there 
is a danger that some features of the surface may be hidden 
from the camera by higher or nearer features. (One such 
hidden depression is indicated in Figure 5.) In orthodox 
photogrammetry, a surface such as the one we are studying 
would be photographed from a position at right-angles to it, 
or, if that were not possible, views parallel to the surface 
would be taien from a number of stations so as to avoid 
photographing ground that is sloping away from the camera. 
Unfortunately, only the oblique viewpoint from the top is 
available at the present time in the retorts in which we are 
interested. Photography normal to the face through a 
periscope is being studied, but presents a number of technical 
difficulties that have not yet been resolved. 
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FiGuRE 5.—Method of Measurement for Profile Plotting. 
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(d) Photography 


Photographing the flaking zone of an empty retort at 
900° to 1,000°C presents a number of technical problems, 
and the physical difficulties are naturally considerable. It 
should first be noted that the retorts cannot be photographed 
by their own light, since exposures of several seconds are 
normally required, and the “ shimmer” caused by air flow 
over the walls would seem to rule out exposures of this dura- 
tion. There is, also, some risk of damaging the camera and 
its lens if exposure is prolonged beyond a second or two. 
The exposure can be shortened to some extent by using a 
large aperture, but here, again, the aperture is limited by the 
large depth of field required to cover the whole of the flaking 
zone. It has been found preferable to take flash exposures, 
using large bulbs, panchromatic plates of medium speed and 
contrast, and apertures of f8 to f12. 


The nature and effect of the “‘ shimmer ”’ mentioned above 
are still uncertain. If refraction by the moving air causes 
lateral displacement of point images, these displacements will 
produce errors in calculated distances even with short 
exposures. On the other hand, it may be that surface detail 
on the wall is only visible to the eye by virtue of the cooling 
effect of air currents, and if these currents cease momentarily, 
the detail disappears, producing an impression of shimmer. 
Study of the relative positions of surface details in right- and 
left-hand photographs has so far failed to reveal any appre- 
ciable image displacement or any distortion such as might 
result from a true “heat shimmer”. The subject will be 
studied further by taking a number of pairs of photographs 
of an apparently “* shimmering ” wall at short intervals and 
finding the variation in the calculated distances of selected 
surface features. 


Although a considerable number of trial shots have been 
taken of the rectangular retorts at a Gas Works near the 
Association’s laboratories, it is not yet possible to be absolutely 
certain of success in taking a photograph. Reflection of the 
flash by the top ironwork, or the occasional uprush of sparks 
from residual scurf, can contribute to loss of detail in the 
photograph. Large sheets of burning scurf on the wall near 
the centre of the field of view can fog the surrounding areas 
on the photographic plate. The most successful photographs 
have been those of retorts in which the bottom of the flaking 
zone was not more than 10 ft below the top brickwork and 
in which the temperature in the photographed zone was about 
900°C. If the photograph has to cover more than the top 
10 ft, and the temperature is above 900°C, the intensity of 
illumination from the flash in the lower areas is not sufficient 
to “ kill” the glow from the walls. Lighting techniques to 
deal with these conditions are being studied. 

Stereo photographs at 12 in. separation are taken with the 
aid of the stand shown in Figure 6. The camera mounting 
locks tightly on to the square pegs, ensuring that the orienta- 
tion of the camera is the same in each position. When a 
proper technique has been developed, and in particular when 
some means of cooling the equipment can be provided, twin 
cameras will be used. 


(e) Accuracy of. Measurement 


It is not proposed to discuss the theory of errors in photo- 
grammetry, which can be found in the standard text-books 
on the subject. Much of the error in aerial or terrestial 
plotting arises from the uncertainty of stereoscopic observa- 
tion ; errors of camera orientation are usually detectable 
and measurable. Stereoscopic errors can be avoided by 
making the measurements on the photographs from 
identifiable surface features such as brick joints, prominent 
humps, depressions, or recognizable marks. By this means, 
the distance of an object at 10 ft from the lens can be deter- 
mined on our photographs to about +} in., and its distance 
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FiGuRE 6.—Camera Stand for Stereo Photography. 


from the line of sight to about +} in. Using stereoscopic 
observation by the “ floating-spot ’ technique, the measure- 
ment of distance is slightly less accurate, but the accuracy 
of the line-of-sight measurements is not much reduced. 
Unfortunately, the stereoscopic method can be used only on 
good photographs containing much recognizable surface 
detail, and it is usually preferable to deal with such photo- 
graphs by direct measurement unless large areas are to be 
plotted. 


In measuring the depth of flaking in retorts, it is normally 
sufficient to plot one or two vertical profiles at points wie 
the flaking appears to be deepest. The requisite measui 
ments and calculations are not unduly tedious. 


(3) MEASUREMENT OF DEPTH OF FLAKING BY PROFILE 
GAUGE 


A device has been made, at the laboratories of the Researdl 
Association, that gives a reasonably accurate measurem 
of the depth of flaking. It resembles a comb with teeth th 
can move horizontally when pressed on to the face of a rete 
and which remain in the position taken up after the ef 
of the teeth have been located on the brickwork. It 
necessary to have the comb of sufficient length to bridge t 
flaking zone and to have fixed distance pieces at the top 
the bottom of the zone, which are the datum marks 
measuring the movement of the teeth and, hence, the dep 
of flaking. The apparatus is shown in Figure 7. 


It consists of two lengths (6 ft 6 in. and 7 ft 3 in.) of heavy= 
wall steel tube (? in. outside diameter), which are connected = 
by a coupling. Two distance pieces giving an offset distanoe 
of 14 in. are welded to the lower section of tube at a separation 
of 6 ft. 6 in. In line with these distance pieces and at | im. 
intervals, heat-resisting alloy needles, 6 in. long and of } in. 
diameter, pass through clearance holes drilled in the tube. 
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The method of use is very simple. The two rods are 
connected {together, the needles pushed through until they 
project at least 2 in. beyond the distance pieces, and the 
whole assembly is lowered into the retort with the needles 
facing the operator: The position of the vertical line down 
the retort is noted and the needles pushed against the brickface 
until the top and bottom distance pieces bear on the unflaked 

2 wall above and below the flaking zone. The assembly is then 

Coupling carefully removed to avoid altering the position of the needles 

and allowed to cool before measuring the displacement of each 

needle with respect to the distance pieces. 

To say that the needles are pushed against the wall until 
the top and bottom distance pieces bear is to oversimplify 
the procedure. While the effort required to move any small 
group of needles is small, the force required to move all 72 
at a distance varying from about 5 ft to 12 ft away is very 
considerable. A technique of pushing the bottom distance 
piece on to the wall with a heavy rod and then pulling the 
top piece into contact was successfully tried, but was very 
cumbersome. 

TheJtechnique eventually adopted was to place the needles 
6ft against the brickwork and shake the rod gently, causing it 
a to “‘ walk ’’ down the needles until the distance pieces made 
ol contact. This technique is not perfect in that continued 
shaking of the rod might cause any needle or group of needles 
to move backwards away from the wall for a distance of about 
4 in. (e.g., Figure 10, at X), but, since the device is intended 
mainly to discover the average and maximum depths of 
flaking, this is not felt to be a major drawback. So far, 
measurements have been made only on the same side. of the 
retort as the operator, but it is thought that suitable cranking 
of the top section might permit its use on both long walls. 

| Accuracies are not thought to be better than } in. and it is 
z= doubtful if this device could be used to state categorically 

. 4 Je which of two materials that had flaked to similar extents 

opic Distance~ |4in. was the better. 

ure- Piece 

racy (4) RESULTS AND DISCUSSION 


Figure 7.—Profile Gauge. Although a number of measurements have been made on 
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Figure 8.—Flaking Zone of Downwardly Heated Retort from Left- and Right-hand Camera Positions. 
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flaked retorts by both the methods described here, the results 
are not of general interest since the retorts had no unusual 
features. Measurements made on one rectangular down- 
wardly heated retort will be described in order to illustrate 
the type of information obtained. For one reason or another, 
it has not yet been possible to make full use of either method 
on the trial retorts. Such measurements as have been made 
are described in Section VII of this Report. 


As has already been stated, the methods are at present 
complementary in that the photographic method can be 
applied only to the retort face under the charging box, whereas 
the profile gauge in its present form can reach only the plat- 
form-side face, i.e., the face that cannot be seen in full. The 
possibility of photographing both faces through an inclined 
mirror has been considered, but presents considerable 
technical difficulty. 


The photographs on which the photogrammetric measure- 
ments were made are shown in Figure 8 and the resulting 
profile in Figure 9. The points indicated by numbers on the 
photographs correspond to those used in plotting the profile. 
It will be seen that the maximum depth of flaking on the line 
chosen is about 1} in. and that this depth occurs some 15 in. 
below the top of the flaking zone, which corresponds closely 
with the change of taper at the point 3. It is interesting to 
note that the estimated position of point 14 is less than 0-2 in. 
horizontally from its position on the working drawings of the 
retort section. 

As has already been stated, one of the dangers of photo- 
graphy from this angle is that important features of the 
surface may lie in hidden ground. It will be noticed that 
much of the detail between points 3 and 4 is hidden. 


The profile gauge has the advantage here in that it will 
miss no large surface features. It is in fact the only means at 
present of “ seeing” the platform-side wall, most of which is 
invisible from the top of the retort. 

Specimen profiles taken with the profile gauge are shown 
in Figure 10. It will be seen that the maximum depth of 
flaking shown by the gauge is, about the same as that given 
by the photogrammetric plot. 


Assessing the depth of flaking by either of these methods 


Distance from Line of Sight [in] 
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Ficure 9.—Photogrammetric Plot of Retort Profile. 


meets with the same difficulty as measurement of the cold 
retorts, i.e., the position of the original face of the brickwork 
is not known. In Figures 9 and 10, the usual assumption hag 
been made that a line drawn between points on the unattacked 
wall above and below the flaking zone represents the original 
surface. If there has been any movement or distortion of 
the wall, this assumption will not be valid. As J. H. Wylde 
has pointed out*, the only accurate measurements of 

of flaking are those made on bricks removed from the retort 
wall during demolition. 


In describing an experimental procedure or measure 
it is not the custom to dwell on the comfort of the observer, 
but, in the procedure described in this Paper, physical dis- 
comfort cannot be disregarded. With both methods, the 
observer has to spend 1 to 2 min. working over the retort 
with the top cover removed, and on several occasions the 
measurements have had to be discontinued for the sole 
reason that the heat became intolerable. Conditions are 


particularly arduous with the profile gauge. An attempt to’ 


make measurements on a set of retorts containing the trial 
materials was defeated as much by excessive heat as by 
technical difficulties. 


The experimental measurements described in this Paper 
are of a preliminary nature, and it is hoped that both methods 
can be improved so as to provide a reliable method of general 
application for assessing the depth of flaking in continuous 
vertical retorts. 


(5) SUMMARY 


Under favourable conditions, it is possible to estimate the 
depth of flaking in rectangular retorts, by either a photo- 
grammetric or a mechanical method, to about +} in. The 
methods are of limited application at present, but it is hoped 
that both can be improved in accuracy and convenience. 
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IV A STUDY OF SOME OF THE FACTORS 
AFFECTING THE RATE OF BURNING OF SCURF 


Part Il THe Errect oF TEMPERATURE AND 
ATMOSPHERES OF STEAM AND AIR 


By L. Sabiston 


(1) INTRODUCTION 


Although it was established in the first part of this study * 
that temperature played a minor réle in the rate of burning 
of scurf, and that lowering the temperature to 900°C merely 
made it necessary to admit more air to achieve the same 
scurfing period, there are many plants where it is not possible 
to treat each retort as a single unit and it may be impossible 
to lower the temperatures at all. In such cases, the engineer 
may open fewer or smaller air inlets, or use steam knowing 
that it will keep the temperature within reasonable limits. 

In the first report, the temperature range was limited to a 
comparatively narrow band from 900° to 1,200°C, since the 
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work was intended solely to demonstrate what might be 
expected to happen in industrial practice. The chemistry of 
the reaction is not as simple as might be supposed and a very 
valuable contribution to the discussion was made by Blakeley* 
who stated that the observed data accorded well with work 
done by himself and other workers on the combustion of 
carbon. Blakeley states that below 600°C, when oxygen is the 
gasifying medium, the rate of reaction is governed by the 
chemical properties of the carbon, and by the temperature, 
and is independent of gas velocity. Above about 900°C 
for oxygen at low gas flows, temperature has little or no effect, 
the chemical nature of carbon is of minor importance, and 
gas velocity is the controlling factor. Between these two 
temperature limits, the rate of reaction can be calculated 
mathematically. 

A formula presented by Blakeley, with a suitable correction, 
can be shown to cover the reaction in the range studied and 
is, in fact, the formula that applies to the control of the rate of 
scurfing by the control of the admission of air. 


(2) TEMPERATURE EFFECTS 


It seemed desirable to discover the lower limit of tem- 
perature independence for the burning of scurf and to obtain 
laboratory data on the effect of steam on the rate of scurf 
removal. The range of temperatures studied has, therefore, 
been extended at both ends of the scale, and the results are 
shown in Figure 11. The apparatus is the same as previously 
cparited, with the addition of provision for the admission 

steam. 


In Figure 12, the rate of burning of scurf has been plotted 
against the temperature and it is observed at once that the 
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reaction, barely sustained at 475°C, is clearly directly depen- 
dent on temperature from 550° to 650°C. From 650° to about 
800°C, the rate of burning, though slightly dependent on 
temperature, is more directly influenced by the rate of passage 
of air, and above 900° the temperature effect is negligible 
up to 1,400°C, the upper limit to which measurements have 
been made. 


(3) THe Errect oF MIXxTURES OF STEAM AND AIR 


Experiments on the influence of mixtures of air and steam 
on the rate of burning of scurf have been carried out in the 
original apparatus by bubbling air through water heated to 
different temperatures to produce calculable mixtures. 
Owing to the variable nature of the scurf itself and to the - 
fact that the determinations were made at temperatures 
likely to be in the intermediate temperature range for this 
reaction, it is felt that differences may be due to sample 
differences as much as to real effects. 


: The reaction between carbon, carbon monoxide and oxygen 
is known to be extremely complex, and the addition of steam 
can cause more rapid reaction by some form of catalysis. 
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Ficure 12.—Effect of Temperature on the Rate of Burning of 
Scurf. (Air at 20 litres/h.) 
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Ficure 13.—Effect of Mixtures of Steam and Air on the 
Rate of Burning of Scurf. (Air at 20 litres/h.) 


Glasstone*, discussing the carbon monoxide—oxygen reaction, 
states that “‘ outside the explosion limits the reaction in the 
dried gases is slow, and the acceleration brought about at 
higher pressures by hydrogen, water, or other hydrogen 
containing substances is very marked ’’. Since it is thought 
that carbon monoxide is likely to be formed at some 

in the burning of scurf on a laboratory scale, the réle of added 
steam is very difficult to postulate. 


However, experimentally it has been found that, at normal 
rates of steam addition (up to 25 per cent), the rate of reaction 
for a mixture of steam and air is lower than the rate for air 
alone. Figure 13 shows that the rate of reaction at 900°, 
1,000°, 1,100°C is reduced by the addition of 7 per cent and 
25 per cent of steam. Again, the absence of any sort of 
temperature dependence above 900°C is noteworthy. If 
seems likely that the lower limit for temperature independence 
is raised, but is still below 900°C. 

Also shown in Figure 13 are the reaction rates at 1,320°C 
with very large quantities of steam and a small quantity of 
air. There is no doubt that scurfing could be carried out by 
steam alone where the temperature in the scurf-covered zone 
is sufficiently high. It will be observed that, even in the 
presence of 430 litres of steam/h, 20 litres of additional air 
has an effect. 


(4) THE ROLE OF STEAM IN SCURFING 


The part played in the reduction of scurfing rates by the 
use of steam for part, or all, of the scurfing period is thought 
to be two-fold, and it is thought that both effects tend to 
reduce the rate of burning. The addition of steam (at least 
up to 25 per cent) has been shown to reduce the rate of 
burning. If no other change is made in the air openings 
during scurfing, and if the air is induced, the addition of 
steam will place the retort under slight pressure and reduce 
the amount of air induced. 


(5) CONCLUSIONS 


(a) The rate of combustion of scurf in air is directly depen 
dent on temperature up to 650°C, is dependent on 
temperature and the velocity of air flow between 650°C 
and about 900°C, and is independent of temperature, 
but dependent on the velocity of air flow, between 900° 
and 1,400°C. 


(b) The addition of steam to a constant quantity of aif 


reduces the rate of burning of scurf, but the reaction is 
apparently independent of temperature above 900°C. 


(c) The use of large quantities of steam at temperatures of 
the order of 1,300°C can produce very rapid reaction. 
The addition of a small quantity of air to a large quantity 
of steam produced an acceleration in the reaction rate 
compared with the rate for steam only. 


(To be continued) 
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In this Issue... 


J. Dhuin graduated as Engineer in the Ecole Polytechnique in 1939. 
After a career in the operations branch of the French National 
Railways, he left the railways in 1955 to join the Société Nationale 
des Pétroles d’Aquitaine when that company was preparing to 
exploit the natural gas deposits at Lacq. He created and developed 
the Economic Studies Service for S.N.P.A., which carried out in 

icular the studies in connexion with the Lussagnet project 
and with the economic problems deriving from operation of an 
underground reservoir in association with a production centre. 
He was appointed, as from Ist January, 1960, head of S.N.P.A.’s 
new Gas Department, with responsibility for handling all technical, 
commercial and administrative questions relating to the purified 
gas from the Lacq installation. On Ist April, 1961, Monsieur Dhuin 
took over the management of the Compagnie Frangaise du 
Méthane, a subsidiary of S.N.P.A. and of Gaz de France, 
responsible to both these organizations for the transport and sale 
of gas made available outside South West France by S.N.P.A. 


L. Socrate entered the Ecole Centrale de Paris in 1939 and graduated 
Engineer in 1945. He was operations engineer of the Centrale 
Thermique de Bone (Algeria) of the Compagnie du Bourbonnais, 
and head of the Bon: ga;-production and —distributicn services 
between 1946 and 1956. He then joined the Société Nationale 
des Pétroles d’Aquitaine, and, at the beginning of 1957, took part 
inthe initiation of the first stage of the Lacq natural-gas installation. 
He specialized in the study and management of the underground 
gas storage at Lussagnet, and also in problems arising from the 
movement of gas. 


W. E. Francis was born in 1925, and educated at The Grammar 
School, Poole, Dorset, and Exeter College, Oxford, where he 
graduated (Hons. Chemistry) in 1947. He was a scientific officer 
of the Gas Research Board from 1947 to 1952, working mainly on 
problems of corrosion and the sulphur trioxide content of town gas 
combustion products. He transferred to The Gas Council’s 
Midlands Research Station in 1952 and works on industrial gas 
utilization. He is at present Section Leader of the Combustion 
and Heat Transfer Section. 


M. L. Hoggarth was born in Kingston-upon-Hull and educated 
at the Malet Lambert High School ; he proceeded to the University 
of Leeds, and graduated in Gas Engineering (Honours) in 1959. 
From Leeds, he went to The Gas Council’s Midlands Research 
Station, where he is engaged on burner design, with particular 
reference to air blast tunnel burners. Mr. Hoggarth is a Student 
Member of The Institute of Fuel. 


A. L. Roberts (Chairman, Joint Refractories Research Com- 
mittee of The Gas Council and the British Ceramic Research 
Association) was born in Hull, East Yorkshire, and educated 
at Hull Grammar School, Christ’s Hospital and the University 
of Leeds, where he took his first degree and a higher degree in 
the School of Chemistry. He then joined Professor Cobb in the 
Fuel Department as Research Assistant in Refractory Materials 
and subsequently became Lecturer, Senior Lecturer and, in 
1947, the fourth Livesey Professor of Coal Gas and Fuel In- 
dustries in the University of Leeds in succession to Dr. D. T. A. 
Townend. He can claim a long and close association with the 
gas industry, at first on the general subject of refractory 
materials and later in a wider capacity as a member of the 
Research Committee of The Gas Council, as a Part-time 
Member of the North Eastern Area Gas Board, as an Honorary 
Secretary of the Joint Research Committee of The Gas Coun- 
cil and the University of Leeds. When, in 1956, the Depart- 
ment of Coal Gas and Fuel Industries became reconstituted 
as the Houldsworth School of Applied Science, comprising the 
three departments of Chemical Engineering, Metallurgy and 
Gas Engineering, and Fuel Science with Ceramics, he became 
Chairman of the School. Professor A. L. Roberts, Ph.D., 
F.R.LC., is an Honorary Member of The Institution of Gas 
Engineers. 


N. F. Astbury was appointed Director of Research to the 
British Ceramic Research Association on Ist January, 1960, 
having joined the staff in May, 1957, as Deputy Director. Dr. 
Astbury was a scholar of St. John’s College, Cambridge, where 
he obtained a double-first in Natural Sciences. He started 
his professional career at the National Physical Laboratory, 
and at the beginning of the Second World War joined the 
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Anti-Submarine Experimental Establishment. After the war, 
he became Director of Research to the Guest-Keen-Nettlefold 
group of companies and, in 1949, was appointed to the 
Chair of Applied Physics at the University of New South 
Wales. He later took the Chair of Physics in Khartoum, and 
returned to this country in 1956 to work for a short time at the 
Royal Aircraft Establishment, Farnborough. Dr. Astbury was 
awarded the degree of Sc.D. in the Faculty of Engineering at 
Cambridge for his work in applied physics. He is a Member 
of The institution of Electrical Enginzers, a Fellow of The 
Institute of Physics and a Fellow of the Institute of Ceramics. 
His interest in scientific and technical education is reflected 
in his membership of the Governing Body of the National 
Council for Technological Awards (he is vice-chairman of 
the Board of Studies in Technologies other than Engineering), 
and he is also a Governor of the Rugby College of Engineer- 
ing Technology. Dr. Astbury was elected Honorary General 
Secretary of the British Ceramic Society in September, 1959. 





International Gas Union 


The Council of the International Gas Union met in London, were held, at Institution headquarters, of the Secretaries of 
at the invitation of The Institution of Gas Engineers, on the member associations and of the Vice-Presidents of the 
21st and 22nd March, 1961. On the preceding day, meetings Union. 


& 
Photo: “The Times” 


Left to right: H. Miller (Germany; Past President), W. T. K. Braunholtz (Great Britain ; Secretary, The Institution of Gas Engineers ; Honorary Secretary, 
International Gas Union), A. Baril (France ; Past President), R. H. Touwaide (Belgium ; General Secretary, International Gas Union), H. S. Cheetham (Great 
Britain ; President, The Institution of Gas Engineers), B. M. Nilsson (Sweden ; President, International Gas Union). 


The President of The Institution of Gas Engineers welcomes the President and Officers of the International Gas Union. 
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The meetings of the Council were held in the Grand Council 
Chamber of the Federation of British Industries, 21, Tothill 
Street, London, S.W.1. The President of the International 
Gas Union, Mr. B. M. Nilsson (Sweden) was in the chair, 
with Monsieur R. H. Touwaide (General Secretary ; Belgium) 
in attendance. Those also present included two Past-Presi- 
dents of the Union, Mr. A. Baril (France) and Mr. H. Miiller 
(Germany), and delegates of the national gas associations of 
Belgium, Czechoslovakia, Denmark, Federal Republic of 
Germany, France, Great Britain, Italy, The Netherlands, 
Roumania, Sweden, Switzerland and the U.S.S.R. Mr. 
H. S. Cheetham, President of The Institution of Gas Engi- 
neers, welcomed the Council and expressed his pleasure in 
receiving them in London. 

The Council received and discussed progress reports of the 
work of the existing Committees of the Union. It was 
agreed that, after the Stockholm Conference, the Committee 
structure should be reorganized, in order more rationally 
and completely to cover the many technical interests of the 
gas industry. To this end, it was resolved to disband the 
existing Committees and to set up the following seven 
standing Committees, the chairman and secretariat of each 


being provided by the national association shown in 
brackets :— 
Committee on Natural Gases. (American Gas Association.) 


Committee on Production of Manufactured Gases. (The 
Institution of Gas Engineers.) 


Committee on Transmission of Gases. (German Gas Asso- 
ciation.) 


Committee on Distribution of Gases. (German Gas Asso- 
ciation.) 


Committee on Utilization of Gases. (French Gas Association.) 
Committee on Statistics. (Belgian Gas Association.) 


Committee on Documentation and Sundry Questions. 
(Netherlands Gas Association.) 


These Committees will appoint small working parties of 


experts to consider the special questions submitted to them. 


The Council further agreed to continue to undertake special 
technical studies at the request of the Working Party on Gas 
Problems of the Economic Commission for Europe in 
Geneva. 


Photo: ‘‘The Times’” 


Left to right: W. T. K. Braunholez (Great Britain), A. Baril (France), H. S. Cheetham (Great Britain ; President, The Institution of Gas Engineers), B. M. Nilsson 


(Sweden ; President, International Gas Union), R. H. Touwaide (Belgium ; 


General Secretary, International Gas Union), H. Miiller (Germany), and interpreters. 


Below: R. Jakobsen (Denmark), A. Sorokin (U.S.S.R.), A. Alexandrov (U.S.S.R.). 
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Left to right (at table): Jj. H. Steinkamp (The Netherlands), Jj. van Dam van Isselt (The Netherlands), A. G. Higgins (Great Britain), J. Burns (Great Britain), W. K. 
Hutchison (Great Britain), C. Lindgren (Sweden), H. Raeber (Switzerland), A Graf (Switzerland), A. Alexandrov (U.S.S.R.), A. Sorokin (U.S.S.R.), R. Jakobsen 
(Denmark) 





Left to right: H. Kaun (Germany), B. Naendorf (Germany), Y. Querét (France), A Bolzinger (France), A. Lihrmann (France), C. Ceruti (Italy), G. Randone (italy), 
R. Ried! (Czechoslovakia), S. Odehnal (Czechoslovakia). 


The Council also considered, inter alia, a progress report 
of the organization of the 8th International Gas Conference, 
to be held in Stockholm on 27th to 30th June, 1961, and 
approved the final programme of the Conference. 


On the evening of 20th March, the members of the Council 
of the Union and their ladies attended an official Reception 
given by Her Majesty’s Government, at Lancaster House, 
where they were received by the Rt. Hon. Richard Wood, 
M.P., Minister of Power. 


On 2Ist March, the members of the Council and their 


ladies were entertained by The Institution of Gas Engineers 
to luncheon in the St. Ermin’s Hotel and by The Gas Council 
to dinner at the Hyde Park Hotel. During the morning, 
the ladies visited the Palace of Westminster where they were 
taken on a tour of both Houses of Parliament by Mr. J. T. 
Price, M.P. 

The programme concluded, on 22nd March, with a visit, by 
the members of the Council and their ladies, to the “* Ideal 
Home ” Exhibition, Olympia, where they were particularly 
interested by the Gas Pavilion and the separate exhibits of 
the various manufacturers of gas appliances. 
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News from the Gas Industry Overseas 


The full text of articles abstracted below may be consulted in the Library of the Institution. 


New Processes and New Raw Materials for Gas Manufacture 
G. de Goumoéns. Monatsbulletin, 1961, March, 45-53. 


_ Switzerland possesses no indigenous coal or natural gas, 
and no combustible gases deriving from oil refineries, large 
coke oven plants or metallurgical processes. Up to now, 
therefore, town gas has been produced by the traditional 
method of coal carbonization, the raw material for which 
has to be imported and is expensive. The gas undertakings 
are under the direct control of the cantonal and communal 
authorities and this has hindered evolution along the lines 
of concentration of manufacture and interconnexion of 
works. Increasingly severe competition from other fuels is 
now forcing the Swiss gas industry to consider alternative 
methods of gas production, and the appearance of two 
projects, one involving the supply of natural gas from 
France and the other the erection of an oil refinery in the 
Valais, has given rise to a detailed consideration of alterna- 
tive processes and raw materials for gas manufacture, the 
question of interchangeability of gases etc. 

The paper discusses these problems in detail and views 
with optimism the evolution of a more flexible gas industry 
in Switzerland. 


Light Spirit as Raw Material in the Italian Gas Industry 
J. A. Vernout. Het Gas, 1961, April, 59-63. 

Descriptions are given, with drawings of an experi- 
mental plant and a technical-scale plant in Italy for the 
production of town gas from light spirit by catalytic 
reforming. Typical results are quoted: on the larger 
plant, the gas produced had, for example,-a calorific value 
of 450 Btu/ft*, with about 11 per cent CH,, 45 per cent 
H,, and 13 per cent CO. A special catalyst has been 
developed, the preferred carrier being magnesite. The 
feedstock may contain 0-10 to 0-15 per cent of sulphur. 


Plastics Pipe shows Plenty Progress 
R. Clay. Gas (U.S.A.), 1961, March, 89-92. 
_ Statistics for the use of plastic pipes for gas distribu- 
tion in the U.S.A. show a spectacular increase in the last 
three years. At the beginning of 1960, 62 companies had 
1,880 miles of plastic pipes in the ground; at the beginning 
of 1961, these figures were 69 companies with 2,492 miles, 
and it is estimated that, by the end of 1961, 78 companies 
will have at least 3,351 miles in the ground. The increas- 
ing rate of usage is seen from the fact that it took about 
a dozen years for the first 1,000 miles of plastic pipe to be 
installed, six years for the second 1,000 miles, and it will 
take about 14 years for the third 1,000 miles. The average 
Maximum operating pressure for these pipe systems is 
34 Ib/ in’, the highest reported pressure being 150 Ib/in?. 
Of the new plastic pipes used in 1960, about 223 miles 
were for new mains, 207 miles for new services and 171 
miles for service replacement and insertion. 
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The four types of plastic currently used are acrylonitrile 
butadiene styrene, cellulose acetate butyrate, polyvinyl 
chloride and polyethylene, none of which appears to have 
any distinct popularity advantage. 

The article is followed by field reports (including costs) 
relating to the use of plastic pipes by five public utility 
undertakings in the U.S.A. 


Short Aluminium Line put to Bed 
W. Harper. Gas (U.S.A.), 1961, March, 138-142. 


An illustrated note, with question-and-answer supple- 
ment, of the laying of an aluminium pipeline for trans- 
mission of gas in the Appalachian Mountains area. The 
terrain is particularly severe, including mountains, coal 
seams, streams, rocks, sand, etc. The project consisted of 
installing about 5,700 ft of schedule 40, 4 in o.d. aluminium 
pipe. All welding was done at one end of the line and, as 
each joint was completed, the pipeline was pulled along 
the right-of-way until the next joint was in position. 
The line will have an operating pressure of 500 lb/in*, and 
was tested at 1,500 Ib/in*. It has been installed without 
coating or wrapping and was protected only by anodes. 


Flues for Tall Buildings 
P. Katzenmeier. Gas-u. Wasserfach, 1961, March, 321-327. 
A review of investigations in various countries, includ- 
ing Great Britain, on flue systems for the evacuation of 
combustion products in tall buildings. Two systems are 
particularly recommended. If the removal of combustion 
products is to be combined with ventilation of inside 
rooms, the branched-flue system appears the most satisfac- 
tory. It combines low installation cost and space require- 
ment with a high efficiency of ventilation and evacuation 
of combustion products. The Se-Duct system is also 
recommended; if planned with care and in good time, 
it will give excellent results. Sufficient information about 
these new flue systems is, or will soon be, available to 
enable specifications to be drawn up which, while not 
detracting from their advantages, will ensure their 
reliability. 


Development of District Heating 
K. Funck. Gas-u Wasserfach, 1961, March, 335-338. 


District heating, originally planned for the utilization of 
waste heat at electricity generating stations, offers a good 
field for gas and coke. In Hamburg, for example, the 
central boiler houses are fired with gas in summer and 
with coke in winter. The success of such a scheme depends 
on close co-operation between the town planners, architects, 
and heating engineers. Costs, methods of charge and 
methods of distribution are briefly discussed, and an exten- 
sive bibliography, comprising some 61 literature references, 
is included. 
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Back Row : 


Engineers 
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Photo: J. B. Harris, Oxford. 


W. Jones, G. W. Mason, E. C. Thomas, D. |. Williamson, A. H. Woods, T. Shillington, J. R. Davidson, J. W. Shirley, J. W. Yates, K. F. Cairns, 


E. R. Fitch, V. L. Butcher. 


Third Row : 
G. H. Dodgshon, R. J. Sykes, W. M. R. Paterson, F. P. Russell, S. N. P. Nelson, L. J. Keslake, R. H. Mather, R. G. Langford, E. N. Andrews, 
A. J. Millican, R. J. Blacker, E. Simpson, F. B. Halliwell, N. D. Wilson, W. T. Houston, A. E. Knowles. 


Second Row : 
A. S. Davis, P. A. Shepherd, S. C. Bentley, J. F. Day, N. Martin, K. E. Brown, M. F. Scott, D. H. F. Burchell, R. Pratt, H. Breeze, L. S. Crowle, 
R. W. Nelson, J. R. Denoon, J. A. Whitworth, R. W. G. Lane, G. W. F. Cockayne. 


Front Row : 
F. Tweedie, N. T. Fallon, C. R. Winter, E. Annakin, E. Manners, E. W. Pickering, T. W. Gibson, D. L. Copp, A. E. Haffner, L. J. Clark, 
A. G. Higgins,.D. Hammond, J. Rhodes, J. T. Pay, H. Firth, B. G. Hawkings, J. D. Brook, J. E. Steet. 


A Short Refresher Course for Gas Distribution Engineers 
was held at Pembroke College, Oxford, from 9th to 15th 
April, 1961. In arranging this, the Council of The Institution 
of Gas Engineers was encouraged by the success of the Course 
for Works Engineers held there last year. 


The course was planned to meet the needs of those engineers 
on the central and divisional staffs of Area Gas Boards who 
are concerned with the distribution of gas in all its aspects, 
but engineers from member firms of the Society of British 
Gas Industries were also invited. The 57 members of the 
course included 48 nominated by Area Gas Boards, eight from 
contracting companies, and also the Distribution Engineer 
of the Belfast Corporation Gas Department. With one 
exception those engineers who attended the course are shown 
in the accompanying photograph with some of the lecturers. 


The course was directed by Dr. A. E. Haffner, B.Sc. 
(Vice-President of the Institution and Chairman of its Gas 
Education Committee) with the assistance of Mr. F. L. Atkin, 
Chairman of its Gas Distribution Committee. The Secretary- 


Designate, Mr. A. G. Higgins, M.Sc., acted as Administrative 
Secretary of the course. 


The programme was not designed as a series of highly 
specialized lectures, but as an opportunity for engineers to 
exchange information and opinions with colleagues from all 
parts of the country. The stimulus to discussion was pro- 
vided by papers from 10 lecturers, each dealing with one 
aspect of engineering practice as applied to gas-distribution 
problems. Two lectures were given each morning, and later 
in the day the syndicates of nine or ten, into which the mem- 
bers of the course had been divided, considered two themes 
put forward by the lecturers, three syndicates dealing with 
one lecturer’s theme and three with the other. These themes 
were chosen with a view to providing discussion of current 
and future trends in distribution practice. These discussions 
in small groups were followed by a general meeting at which 
each syndicate reported its findings and the lecturer sum 
marized and commented on the conclusions reached. Chiait- 
men and secretaries of syndicates changed each day, so that 
all members of the course had a share in drawing up syndicate 
reports. 
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The following programme of lectures was arranged :— 


“ Gas Pumping Plant ”’ .. L. J. Clark, B.E.M., M-‘Sc., 
M.I.Gas E., Assistant Chief Engi- 
neer, North Thames Gas Board. 

** Gas Storage and Grid Con- 

trol Problems””... .. D. L. Copp, M.I.Gas E., Distri- 
bution Engineer, North Thames 

Gas Board. 

R. Hutchinson, M.I.Gas E., Tech- 

nical Sales Manager, The Bryan 

Donkin Company, Limited. 


* Gas Governors ”’ 


“ Instrumentation and Remote 
» Control” .. ne .. TT. A. Lucas, B.Sc., A.M.1.Gas E., 
qq Instrumentation Engineer, South 


Eastern Gas Board. 


High-pressure Steel Pipe- 


F. Bell, B.Sc., M.1.Gas E., Distri- 
bution Engineer, Southern Gas 
‘ Board. 
™ Protection Against Corro- 
~ sion” — .. W. T. Hird, M.B.E., M.1.Gas E., 
Distribution Engineer and Plan- 
ning Officer, Wales Gas Board. 
Main and Service Laying 
' and Maintenance of Gas- 
distribution Plant, including 
Mains and Services Surveys’”” T. W. Gibson, M.I.Gas E., Chief 
Distribution Engineer, South 
Eastern Gas Board. 
© “Gas Distribution-The Con- 
' tractor’s Point of View” .. W. H. G. Roach, M.B.E., 
M.I.Gas E., Managing Director, 
William Press and Son, Limited. 
“Training of Distribution 
Personnel ”’ ae .. W. H. B. Porter, M.I.Gas E., 
Distribution Engineer, North 
Western Gas Board. 
“Tomorrow’s Gas—distribu- 


tion Problems ” F. L. Atkin, M.I.Gas E., Chief 


Distribution Engineer, West 
Midlands Gas Board. 


Proceedings 


The following matters of general interest were among those 
dealt with by the Council :— 


COUNCIL MEETING, 28th MARCH, 1961 


Nominations were received from Corporate Members for 
the election, by ballot, of four Ordinary Members of Council 
for the three years 1961 to 1964. Consideration was given 
to the names of persons to be nominated by the Council 


for election as Ordinary Members of Council, in accordance 
with By-Law 50. 


Recommendations were approved for the award of the 
Institution Gold Medal, the H. E. Jones London Medal, the 
Institution Silver and Bronze Medals,’ and the William 
Dieterichs Memorial Prize, for 1960. 


The 98th Annual Report of the Council was considered and 


approved for presentation at the 98th Annual General 
Meeting. 


A report was made of the meeting, on 27th March, of the 
Committee of Management of the Benevolent Fund, and the 
Annual Report of the Fund for 1960-61 was approved. 
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Pembroke College again proved an ideal centre for the 
course, and the members of the course and lecturers were all 
accommodated within its walls. Lectures were given, by 
kind permission of the Southern Gas Board, in Therm House, 
St. Aldate’s, which is close to the College, while syndicate 
meetings took place in members’ rooms in the College, and 
the subsequent general discussion in the College Lecture 
Room. 


During the week, the Bursar of the College, Mr. G. Bredin, 
C.B.E., M.A., was able to take members of the course around 
the College buildings, describing features of architectural 
interest and their historical background, while Mr. S. C. 
Bentley and Mr. Huntley, of the Southern Gas Board staff, 
arranged tours of some of the other colleges and notable 
buildings in Oxford. During two evenings, films of interest 
in connexion with gas distribution were shown in Therm 
House. All these facilities added to the interest of the week 
and were much appreciated by members of the course. 


The course was officially opened on Sunday, 9th April, 
by Mr. W. K. Hutchison, C.B.E., Deputy Chairman, The 
Gas Council, from whose original suggestion this course and 
the previous one have sprung. On Friday evening, 14th 
April, Mr. H. S. Cheetham, President of the Institution, gave 
a dinner party in the College Hall, at which the principal 
guests were Sir Henry Jones, M.B.£., M.A., Chairman, The 
Gas Council; Mr. W. K. Hutchison, C.B.E.; Mr. R. B. 
McCallum, M.A., The Master of the College; Mr. J. A. 
Beckett, C.M.G., Under-Secretary, Gas Division, Ministry of 
Power ; Mr. J. H. Dyde, O.B.E., M.Sc., Chairman, Eastern 
Gas Board, and Mr. A. F. Hetherington, D.S.C., B.A., 
Deputy Chairman, Southern Gas Board. The course 
concluded on Saturday morning, 15th April, with reviews of 
the week by the syndicates and by the Director of the course. 

The Institution is greatly indebted to the Ministry of Power, 
The Gas Council, Area Gas Boards, the Society of British 
Gas Industries, Pembroke College, and all the lecturers, 
for the support and assistance given to the course. It is 
hoped that a third course, with the emphasis on gas utiliza- 
tion, can be arranged in 1962. 


of Council 


A report was made of meetings of the Council of the Inter- 
national Gas Union, in London, on 20th to 22nd March, with 
particular reference to 

(a) Progress reports of the standing committees of the 

Union. 


(6) Reorganization of the Committee structure of the 
Union. 


(c) Programme and arrangements for the 8th International 
Gas Conference, in Stockholm (June, 1961). 

In regard to item (5) above, it was explained that, in order 
to be able better to deal with the wide field of technical 
problems, the Council of the Union had resolved to appoint 
seven main committees, to deal respectively with natural 
gas, manufactured gas, gas transmission, gas distribution, 
gas utilization, statistics, and documentation efc. The 
Institution of Gas Engineers was invited to provide the 
Chairman and Secretariat of the Committee on the Produc- 
tion of Manufactured Gas (see also this Journal, p. 355). 


The Council agreed to nominate Mr. W. J. Walters, B.Sc., and 
Mr. T. A. Dick, B.Sc., to represent The Institution of Gas 
Engineers on a new technical committee of the British 


Standards Institution to prepare specifications for gases of 
chemical interest. 
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(a) 


THE INSTITUTION OF 


2nd and 
3rd June 


FORTHCOMING MEETINGS 


INSTITUTION 





REGISTER 


Forthcoming Meetings 


The following meetings have been arranged for the six weeks commencing Ist May, 1961: 


District Sections and an Affiliated Association 


Gas ENGINEERS—EASTERN SECTION 


Annual General Meeting. (Great 
Yarmouth.) 


THE INSTITUTION OF GAS ENGINEERS—LONDON AND SOUTHERN 


SECTION 
9th May 


THE INSTITUTION OF 
SECTION 


4th May 


EASTERN 
27th May 


Annual Luncheon and Chairman’s 
Address. (The Connaught Rooms, 
Great Queen Street, London, W.C.2.) 


Gas ENGINEERS—NoORTH OF ENGLAND 


Annual General Meeting and Ladies’ 
Day. (Hexham, Northumberland.) 


THE 
SECTION 


10th May 


INSTITUTION OF GAS ENGINEERS—SOUTH WESTERN 


Morning Visit to the Exeter Manv- 
facturing Station and the Appleby. 
Frodingham Plant (11 a.m.). Lun 
cheon (1 p.m. Rougemont Hotel), 
Paper on the Appleby-Frodingham 
Plant, by L. Baldwin. Film of the 
Sharpness bridge incident. Paper, 
“The Underwater Crossing of the 
River Severn”, by R. Pratt (2.15 
p.m.). Tea (4.30 p.m.). 


IRIsH GAS ASSOCIATION 


3rd and 4th May 


Annual General Meeting. 


(6) Junior Gas Associations 


Annual General Meeting. Address by 
E. O. Rose (11 a.m. St. Ermin’s 
Hotel, Caxton Street, S.W.1). Lun- 
cheon (1 p.m. St. Ermin’s Hotel). 
Embark at Westminster Pier for river 
trip to Kew (2.30 p.m.). 


LONDON AND SOUTHERN 


12th May 


MANCHESTER 
9th May 


10th June 


To Membership : 


Barker, Derek Shilton 
Bird, Arthur Harry, M.B.E. 


Butler, John Denis 


Coltman, Ronald Francis 
Hawkins, Anthony Rafael, B.Sc. 
Ryder, Charles, M.Sc. 


Whiting, Richard 


Annual General Meeting, followed by 
a film show (6.30 p.m. Westminster 
Technical College, Vincent Square, 
London, S.W.1). 


Joint Meeting with the Yorkshire 
Junior Gas Association. Visit to the 
Works of Newton Chambers and 
Company, Limited, Thorncliffe, near 
Sheffield. 


Summer Meeting and Ladies’ Day. 
Afternoon visit to Chatsworth House, 
near Buxton. Tea, followed by an 
informal dance. (St. Ann’s Hotel, 
Buxton.) 


Tea on board. 


MIDLAND 
12th May 


NORTHERN 
13th May 


SCOTTISH (EASTERN) 
13th May 


WESTERN 
13th May 


YORKSHIRE 
9th May 


President’s Day. 


Visit to Stockton District, Northern 
Gas Board. Paper, ‘“* Gas Governing”, 
by R. Hutchinson. (2.30 p.m.) 


Annual General Meeting and Outing. 
(Edinburgh.) 


Visit to the Hollacombe Works of the 
South Western Gas Board, followed by 
an Open Forum. 


Joint Meeting with the Manchester 
Junior Gas Association. Visit to the 
Works of Newton Chambers and 
Company, Limited, Thorncliffe, near 
Sheffield. 


Institution Register 


Transfers 


Bolton 

Potters Bar 
Weston-super-Mare 
Kenilworth 
Bournemouth 
Sidcup 

Ipswich 


Admissions to Studentship 


Clark, Andrew John 


Wolverhampton 


Conway, William 


Green, Alan Frederick 


Hall, Bernard 
Lister, Phillip 
Waywell, Victor 


Wesley, Malcolm William 


Salford 
Birmingham 
Manchester 
Gatley 
Warrington 
Manchester 


Deaths 


The Council regrets to announce the death of the following 
Member of the Institution :— 


Webster, John (Burntisland) M.1943; date of death unknown. 
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(a) Notes of Meetings 
DISTRICT SECTIONS 


London and Southern Section 


At the general meeting held on Tuesday, 21st March, 
Mr. A. G. Palmer, M.B.E. (Design Office Manager, North 
Thames Gas Board) gave a paper entitled, “ Light 
Petroleum Distillate and Liquefied Petroleum Gases: Their 
Storage and Handling”. Interest in this subject was 
evident from the exceptionally large number of members 
and visitors who attended. Mr. Palmer indicated that both 
petroleum light distillate and liquefied petroleum gases were 
new materials being used in the gas industry, and the object 


Midland Section 


This was one of the best-attended Spring Meetings for 
some years. It was held at the Gosta Green College of 
Technology, Birmingham, on 3rd March, 1961. 

Two resignations and five applications for membership 
were reported, and the Chairman announced the award of 
Associate Membership Examination Certificates in Gas 
Engineering (Manufacture) to five successful candidates. 
Four of these he presented personally. 


North of England Section 


The President (Mr. G. Haddon) and members: of the 
Northern Junior Gas Association were the guests of the 
Section at a joint meeting held in the Distribution Centre 
of the Northern Gas Board, Tyneside Division, Newcastle- 
upon-Tyne, on 16th March, 1961. 

Following a welcome expressed by Mr. F. J. Webster 
(Deputy Divisional Manager) to all present, the Chairman 
(Mr. B. Richardson), on behalf of members of the Section, 
extended a warm welcome to the President and members 
of the Northern Junior Gas Association. 

Mr. Richardson then introduced Dr. A. C. Monkhouse, 
CB.E., (formerly Acting Director of the Fuel Research 


South Western Section 


A general meeting of the Section was held at Weston- 
super-Mare on 15th March, 1961, attended by some 55 
members and guests. The meeting was preceded by luncheon 
and a visit to the South Western Gas Board’s Weston 
manufacturing station. The meeting was presided over by 
the Chairman of the Section (Mr. T. W. Jackson). 

Mr. G. F. Kelly, an Associate of The Institution of Gas 
Engineers, was elected a member of the Section. 

The Chairman referred to his appeal, made to all mem- 
bers of the Section, to complete forms of covenant in 
respect of contributions to the Benevolent Fund of the 
Institution. This was supported by Mr, A. C. Rea 
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of his paper was to indicate the precautions that should 
be taken both in their storage and in use. 

The paper was followed by a spirited discussion in which 
members gave their own experience and views. Of special 
interest was the contribution made by Mr. J. Nixon (H.M. 
Chemical Inspector of Factories). 

The vote of thanks was proposed by Mr. R. F. Robinson, 
who said the lively discussion was a tribute to the useful- 
ness of the paper. 


The Chairman welcomed the guests and invited them to 
take part in the discussion. He then introduced Mr. C. P. 
Astbury, M.Eng., M.I.Gas E., A.M.LC.E., who presented 
his paper on “ The Storage and Handling of Light Distillate 
for Large-scale Gas Making”. A discussion followed, 
and Mr. Astbury replied to all the questions raised. 

A vote of thanks was proposed by Mr. F. Harvey (Senior 
Vice-Chairman.) 


Station, and Immediate Past President of The Institute of 
Fuel), who gave a paper entitled ““Coal: An Assessment ”’. 


A vote of thanks to Dr. Monkhouse for his paper was 
proposed by Mr. K. W. Francombe. 


Mr. G. Haddon, on behalf of members of the Northern 
Junior Gas Association, thanked the Chairman and 
members of the Section for their kind invitation to the meet- 
ing, and also proposed a vote of thanks, on behalf of all 
present, to the Northern Gas Board and Mr. W. Sutcliffe 
(Divisional General Manager) for the facilities and refresh- 
ments provided. 


(District Member of Council) and Mr. L. P. Ingram, 
M.B.E. 

The Chairman then introduced Mr. C. R. P. Stonor 
(Managing Director, Sound Diffusion, Limited), who pre- 
sented his paper entitled “Supervision, Telemetering and 
Control of Unattended Gasholder Stations via the Public 
Telephone System ”’, which included a practical demonstra- 
tion of “ Datofonic ” equipment. After a lively discussion, 
a vote of thanks to Mr. Stonor for his paper and demonstra- 
tion was proposed by Mr. L. P. Ingram, M.B.E. 

The traditional lunchtime collection in support of the 
Institution Benevolent Fund yielded a sum of £6 4s. 6d. 





NOTES OF MEETINGS 


JUNIOR GAS ASSOCIATIONS 
Manchester District Junior Gas Association 


(a) On 2nd February, 1961, the President (Mr. J. A. Taylor) 
and about 70 members visited the works of A.C.-Delco 
Limited, at Kirkby, Liverpool. 


Members were shown the stages of manufacture of 
various instruments used in motor cars, including speedo- 
meters, petrol gauges and instrument panels. Items of par- 
ticular interest were the plating section and the manufacture 
and testing of cooling-system thermostats. A visit was 
made to the boiler plant, in which section were also located 
the air compressors and the water pumps for the fire-fight- 
ing sprinkler system. 


After light refreshment, members heard four short papers 
by junior members competing for the F. Johnston prize. 
The papers were:—‘ Heating the Home”, by J. A. 
Bywater; “ The Heating Installation at the New Extension 
of Manchester Airport ”, by G. Holmes; “ Commissioning 
of Tower Purifiers at Bradford Road Works”, by J. A. 
Pymm; and “ Primary Flash Distillate ”, by J. D. Wilson. 


Each of the papers was followed by a discussion, at the 
conclusion of which Mr. A. H. Woods thanked the Authors 
for their papers and congratulated them on the high 
standard they had achieved. 


Mr. D. W. Kay expressed the thanks of the Association 
to A.C.-Delco, Limited, for the arrangements made for 
the visit. 


(b) On 25th February, 1961, members visited the Cadishead 
Works of Lancashire Tar Distillers, Limited, where, during 
the tour of the works, particular interest was shown in 
the new hydro-refining plant. 


Following the tour, members were welcomed by Mr. 
J. B. Lane (Managing Director) who gave an account of 
the development of the works, following which Mr. W. 
Horrocks, Mr. W. A. Weekes and Mr. W. T. Herbert gave 
short talks on “Aspects of Tar Distillation as seen by the 
Management, the Engineer and the Chemist”. 


Members were then entertained to tea, after which Mr. 
N. Olsen expressed the thanks of the Association to 
Lancashire Tar Distillers, Limited, for the arrangements 
made for the visit, the talks that had been given by their 
staff, and the entertainment provided. 


(c) The annual dinner and dance was held on 11th March, 
1961, in the Pavilion of the Lancashire Cricket Club, at 
Old Trafford, Manchester. 


The President, (Mr. J. A. Taylor) welcomed over 100 
members and guests amongst whom were Mr. H. S. 
Cheetham (President, The Institution of Gas Engineers), 
the Chairman of the North Western Gas Board, the 
* Deputy Chairman and Mrs. Hodkinsgn, and the Secretary 
of the Board and Mrs. Deavin. 


Following the dinner and the Loyal Toast proposed by 
the President, Mr. D. W. Kay (Junior Vice-President of the 
Association) proposed the toast “The Institution of Gas 
Engineers and the Manchester and District Section”. Mr. 
Kay referred to the regard and respect that all members 
of the Association had for the Institution, and to their 
pleasure in the presence of the President. Many of the 
members were very grateful for the assistance and advice 
they received from the Institution and in particular to Dr. 
W. T. K. Braunholtz, O.B.E., the Secretary, to whom best 
wishes for his retirement were extended. 


Mr. Kay mentioned also the excellent relations between 
the District Section and the Association and the assistance 
and advice received from the Chairman (Mr. W, 
Hodkinson, O.B.E.) and Mr. John Grayston, G.M., who 
represents the District Section on the Council of the 
Association. 


The President of the Institution, in his response, ex- 
pressed his pleasure in meeting the members on what he 
regarded as his home ground, as he had spent the first 25 
years of his life in the area. He conveyed to the Associa- 
tion the greetings of the Institution, which had a high regard 
for the work being done, particularly for the junior 
members. The President referred to the exciting develop- 
ments taking place in the gas industry, and was confident 
that it had a tremendous future. 


Mr. W. F. Howell (Senior Vice-President of the Associa- 
tion), in proposing the toast “The President of the 
Manchester Junior Association of Gas Engineers”, con- 
gratulated the President on the excellent and well-balanced 
programme of meetings and papers that he had prepared. 
In replying, the President thanked the three Past Presidents 
and the Treasurer, Secretary and members of Council, who 
had helped him so much in carrying out his duties. He 
expressed thanks also to Mr. A. H. Nicholson (General 
Manager of the Manchester Group) and Mr. G. Gilden 
(Production Engineer) for their willing help in the pre- 
paration of his programme. 


Mr. N. Olsen (Immediate-Past President) proposed the 
toast of “Our Guests”. He expressed the thanks of the 
Association to all those, in the North Western Gas Board 
and in outside organizations who had given assistance in 
the preparation of the programme and the arrangements 
for visits. 


Mr. D. P. Welman (Chairman, North Western Gas 
Board), who responded, referred to the long history of 
the Association and its work in the education of the 
younger gas engineers. He was certain that the Association 
performed a useful function in providing these young 
engineers with an organization where they could acquire 
useful knowledge and an ability to take part in discussions. 

The evening continued with dancing in the Ballroom 

Suite. 
(d) On 23rd March, 1961, the President (Mr. J. A. Taylor) 
and over 100 members visited the Blackburn works of 
Mullard, Limited, where, after an introductory talk by 
Mr. E. C. McDougall (Visits Organizer), they saw the 
production of valve components and their assembly and 
testing. Particular interest was shown in the production 
of tubular glass by the vertical-drawing method, this 
technique being used at only one other works in the 
country, and in the large quantities of gas being used in 
the various processes. 


After tea, members saw a film, “ Mirror in the Sky”, 
produced by Mullard’s, and then heard a short talk by 
Mr. Elliott, (Plant Engineer), in which mention was made of 
the very close link between Mullard’s, which uses about 
180 mill. ft’/a of gas in its Blackburn factory, and the 
North Western Gas Board. 


Mr. W. F. Howell (Senior Vice-President), in proposing 
a vote of thanks to Mullard, Limited, said members had 
found the visit of absorbing interest, and expressed theit 
thanks to Mr. McDougall, who had been responsible for 
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the organization of the visit, to Mr. Elliott for his talk, 
and to the guides. The Association was also grateful for the 
excellent entertainment provided. 

Mr. G. W. Robertshaw (Industrial Development 
Engineer, Manchester Industrial Development Centre) 
then gave his paper, “Development for Tomorrow 
Aids Industrial Sales Today”, which was illustrated by 
slides and a number of exhibits. The paper was followed 
by a discussion, after which Mr. J. Oates proposed a vote 
of thanks to Mr. Robertshaw. 

(e) On 8th April, 1961, the President (Mr. J. A. Taylor) 
and members visited the Partington works of the North 
Western Gas Board’s Manchester Group, where, during the 
tour of the works, particular attention was paid to the 
methods used for handling refinery gas and to the new 
“ Onia-Gegi ” plants being erected. The works is adjacent 


Scottish Western Junior Gas Association 


A party of members of the Association visited the 
National Coal Board’s Cardowan Colliery, Stepps, on the 
afternoon of 15th March; 1961. 


Before descending one of the shafts, the party toured 
the compressor houses and winding control gear, and 
showed great interest in the methane-drainage plant. Con- 
siderable quantities of methane gas are exhausted from 
certain workings, and this gas is pumped into the Provan 
Gas Works, Glasgow. 


Members then donned helmets, lamps and overalls and 
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to a large refinery, and up to 8 mill. ft*/d of refinery gas 
has been handled in the carburetted water gas plant, by 
reforming and utilization for enrichment. 

Following the tour of the works, Mr. N. Hoyle (Station 
Engineer) presented his paper “ Developments in the Utili- 
zation of Refinery Gas at Partington’, which provoked a 
long and interesting discussion. 

Members then adjourned for tea, after which Mr. C. A. 
Young expressed the thanks of the Association to Mr. A. 
H. Nicholson, (General Manager, Manchester Group) and 
to Mr. G. Gilden (Production Engineer) for the arrange- 
ments made for the visit and the hospitality provided. 
In particular, Mr. Young thanked Mr. Hoyle, who had not 
only presented his paper, but had been responsible, with his 
staff, for the detailed organization of a most successful 
visit. 


descended the shallower 1,400 ft shaft. After journeying 
approximately 1 mile by foot and rail hutch, members 
reached the coal face and saw in action the “ Trepanner ” 
coal-cutting machine. This expensive piece of equipment, 
which is hydraulically operated, cuts and handles the coal 
to the conveyors, and members were highly impressed with 
this evidence of the coal industry’s determination to increase 
efficiency through improved mechanization. 


Following the tour, the party was entertained to.tea by 
invitation of the management. 


(b) Abstracts and Discussions of Papers 


Copies of the complete papers abstracted below are available for consultation or loan in the Library of the Institution. 


DISTRICT SECTIONS 


London and Southern Section 


“Light Petroleum Distillates and Liquefied Petroleum Gases: Their Storage and Handling”, 
by A. G. Palmer, M.B.E., B.Sc., A.M.I.Gas E., Design Manager, North Thames Gas Board. 


Paper delivered in London on 21st March, 1961. 


_The Author first states that the introduction of light petroleum 
distillates and liquefied petroleum gases for use in gas works is 
tending to produce refinery conditions within areas that are 
not flame-prohibited sites. He indicates the standards of con- 
struction and siting required to ensure safe conditions, and also 
the legal position in relation to the Petroleum Consolidation Act, 
im particular the powers of the local authority. 


_Some of the properties of light petroleum distillate and 
liquefied petroleum gases are given, and attention is drawn to 
the specific gravity of butane vapour in particular, since it differs 
greatly from the gases the industry is used to handling; being 
heavier than air, it tends to sink and spread rather than rise 
and disperse. 

The essential features of the design of a petroleum distillate 
Storage tank are indicated and details given of 500,000 gal 
storage capacity. A relatively cheap design of a precast con- 
crete bund is also shown. Siting is discussed, and a lead is 
given to what a local authority is likely to accept in the siting 
of distillate storage. 


Tank fittings and pumps, valves, pipelines, etc., are discussed, 
and drawings of some new types of valve are shown. The use 
of mechanical seals on pumps is advocated. - 
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Liquid petroleum gases require to be stored in pressure vessels, 
and details of safety valve and water-spray requirements are 
discussed. The need to drain any spillage away from the tanks 
is made, and a suggested lay-out is given. 

Throughout the paper, emphasis is laid on the design, con- 
struction and maintenance of the installation as a leak-free 
system. 

Discussion 

Mr. T, A. Canning (Safety and Works Regulations Officer, 
South Eastern Gas Board) complimented the Author on the 
concise and lucid manner in which he had described the safety 
requirements. He agreed with the desirability of gas- 
pressurizing light distillate storage tanks and not adopting vent- 
ing to atmosphere. On the subject of the location of the filling 
line, he considered that it was more in accordance with modern 
practice to introduce the pipe at the bottom of overground 
storage tanks rather than through the top. He agreed that foam 
systems were of negative value when applied to a gas-pressurized 
tank, but when lecated on or near the bund he considered two 
control points diametrically opposite one another to be advisable 
to provide for change in direction of wind and accessibility in 
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an emergency. He asked the Author whether he had any more 
information on the operation of air eliminators, and questioned 
the statement that pumping rates of up to 12 ft’/s could be used. 
He recommended also that pipework within buildings should 
be as short as possible, and isolating valves located in close 
proximity, but in the open; he gave details of several safety 
precautions relating to dealing with fires and clothing of 
personnel involved. 

Mr. Palmer thanked Mr. Canning for his contribution and 
the additional safety precautions, which filled in a number 
of gaps. He considered that filling connexions through the top 
of a light distillate storage tank had certain advantages, and, 
on the subject of the maximum pumping velocity, stated that 
the figure of 12 ft*/s arose from a discussion with the Chief 
Explosives Inspector. 

Mr. J. Nixon (H.M. Chemical Inspector of Factories) said 
that when his Department knew of the intention to use light 
distillate they had in mind the installation of several devices 
to prevent hazards arising from leakage, but he congratulated 
the gas industry on showing that such devices were not necessary, 
due to the high safety standard of plant installed. As regards 
liquefied petroleum gases, there were no legal regulations at 
the moment and there appeared to be very little knowledge of 
the subject outside the petroleum industry. He considered the 
arrangement for draining the sites of tanks containing liquefied 
petroleum gases to be very satisfactory. On the subject of 
recommended safety distances, he stressed that N.F.P.A. 
Document No. 59 was much more pertinent to the gas industry 
than No. 58. He considered also that major leakages of 
liquefied petroleum gases could hardly be dealt with, but sug- 
gested that bunds be low enough to contain liquid spillage, but 
not high enough to prevent easy evaporation. Vaporizers should 
be installed on a site separate from storage tanks. 

Mr. Palmer agreed that minimum safety distances were 
required, but said that gas works were often congested and it 
was often not possible to provide storage in areas distant from 
other plants. The location of vaporizers was often determined 


by the need to be close to points of admission to the gas . 


mains. 


Mr. J. T. Veryard (Croydon) said the paper was a useful 
summary of recommendations for the storage and handling of 
light distillate and liquefied petroleum gases, but considered 
there were one or two statements that were open to question. 
He questioned that there was any advantage in filling an above- 
ground storage tank through a connexion passing down from 
the roof, and said that in the petroleum industry this was not 
recommended. On the subject of air eliminators, he said that 
there was no advantage to be gained in the installation if the 
tank were vented to atmosphere, but he considered they had a 
useful purpose for gas-sealed tanks since, when these were filled, 
any air rising through the liquid would become saturated with 


Midland Section 
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the light distillate; with distillates of gravity less than 0-7, this 
would result in explosive mixture being formed above the 
liquid. He doubted whether there was any advantage to be 
gained by draining tank installations to a collecting sump, since 
the main hazard would arise from butane vapour being formed, 
and the collection of any liquid in a sump only 30 ft away would 
not reduce this hazard. He questioned also why the installation 
of a sump could reduce the water-spray requirements from 02 
gal to 0°25 gal/min per ft’. 

Mr. Palmer reiterated his preference for filling tanks through 
the roof, and was doubtful whether air elimination really 
functioned efficiently. He stated that the reduction in water 
requirements was due to the need to protect the ends of the 
tanks only. The provision of a sump prevented serious fires 
beneath the tanks themselves. 

Mr. W. T. Gedge (Tottenham) prefaced his remarks by re- 
counting some of the difficulties he had experienced in dealing 
with petroleum officers, and said their requirements often did 
not agree with the requirements of the local authority, which 
themselves differed in various areas. He said Mr. Palmer's 
paper had been very useful in this connexion, but he considered 
there should be published regulations covering storage under 
various site conditions. He gave details:of several installations 
for which he had been responsible. He questioned also the 
reason for reduction in cooling-water requirements if spillage 
were conveyed to a sump, the provision of which he considered 
to be a method of dealing with a major fire, which, if it 
occurred, would be very difficult to deal with. He drew attention 
also to the toxic effect of propane vapour. 

Mr. J. M. Webber (Brighton) agreed with the advisability 
of providing a collecting sump, but suggested that the proposed 
design could be considerably improved by providing gullies for 
drainage of butane liquid from below the tanks to the sump. 
This would considerably reduce the area available for 
vaporization of the butane. He had no great faith in the 
efficiency of air eliminators, and considered that foam systems 
for gas-pressurized tanks were a useful additional safety 
measure. 

Mr. Palmer thanked Mr. Webber for his suggestion of pro- 
viding gullies, which, he agreed, would give definite advantages. 
He agreed also with his views on air arrestors, but he felt it 
was difficult to justify the installation of a foam system on 
gas-sealed tanks. 


Mr. R. F. Hayman (London), in a written contribution, drew 
attention to the competition that liquid petroleum gases were 
giving to the sale of town gas for industrial purposes, and made 
a comparison between the relative prices per therm. He drew 
attention also to the safety distances required between liquefied 
petroleum gases installations and buildings, and considered there 
should be no relaxation of the standard given in N.F.P.A. 
Publication No. 69. 


“The Storage and Handling of Light Distillate for Large-scale Gas Making”, 
by C. P. Astbury, M.Eng., M.I.Gas E., A.M.I.C.E., Deputy Engineer and Manager, Nechells 
Works, West Midlands Gas Board, Birmingham Division. 


Paper delivered at Birmingham on 3rd March, 1961. 


For many years, gas oil has been the recognized enriching 
feedstock for blue water gas, although, for a period immediately 
after the Second World War, heavy oil proved more economical 
and was used until 1957. Then the oil companies offered a 
lighter fraction known as primary flash distillate (P.F.D.) at a 
price considerably less than gas oil. Special precautions have 
to be taken with P.F.D., and the paper describes installations for 
its handling and use. 

There are 14 carburetted water gas machines, with a total daily 
capacity of 46°5 mill ft* at four of the works of the West 
Midlands Gas Board’s Birmingham Division. In 1958, the main 
plant contractors, Humphreys and Glasgow, Limited, were asked 


to quote for the supply and erection of all equipment, including 
storage tanks, for the use of P.F.D. at each works. 


When the local authority was approached for permission to 
store the feedstock, it insisted on underground storage. In view 
of this, it was decided to install vertical cylindrical steel tanks 
entirely encased in reinforced concrete. 


Storage was limited to two weeks’ maximum usage when 
enriching only, as gas oil was always available in the event of 
any disruption of P.F.D. supplies. On this basis, the sizes of 
the tanks were: Nechells, 400,000 gal; Windsor Street, 150,000 
gal; Swan Village, 100,000 gal; and Saltley, 50,000 gal. 
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Except at Saltley, there were no suitable sites on the works 
for the storage tanks. At Nechells, an adjacent pipe-storage 
d was used; at Windsor Street, the tank was sited on the 
dumpling of a disused holder tank, whilst at Swan Village 
nd formerly used as a tip, and separated from the works by 

a canal, provided a suitable site. 

Civil engineering work was entrusted to Peter Lind and 
Company, Limited, whilst the tanks were supplied and erected 
by the Oxley Engineering Company, Limited. These firms 
co-operated closely during the construction of the tanks. The 
programme was for Lind to excavate and lay a reinforced con- 
crete base slab on which Oxley would erect the tanks. Lind 
would then return to apply the reinforced concrete cladding to 
the sides and top and finally backfill to cover the tank 
completely. 

The tanks were all welded, the welds being tested by gamma- 
ray radiography and crack-detection. 

The tanks are maintained under gas pressure, and P.F.D. 
is pumped to the carburetted water gas machines by vertical 
spindle pumps through all-welded pipelines. Flanges are kept 
to a minimum and the meters, with associated valves, are 
grouped outside each carburetted water gas plant. All operating 
valves on the machines are grouped on the operating stage and 
enclosed in a ventilated cabinet. 

P.F.D. is delivered by road tanker at each works and unloaded 
by gravity. At Nechells, it is also delivered by rail, and a com- 
pound is provided capable of simultaneously unloading nine 
6,000 gal rail cars from which P.F.D. is pumped into the 
storage tank. 

The entire project cost £210,000, but the use of P.F.D. instead 
of gas oil has resulted in a saving of about £254,000/a. 

Discussion 

Mr. S. K. Hawthorn (Chairman; Birmingham) said that this 
paper was a notable contribution to the Section and he was glad 
it was presented in his year of office. 

Mr. F. S. Charnley (Birmingham) said that both the Author 
and the contractors should be congratulated on the speed of 
completing this project. Referring to the problems mentioned 
by the Author concerning the local authorities, he said it had 
to be pointed out to these authorities that, unless they were 
prepared to be reasonable, it would be necessary to get in 
touch with the Home Office. His first reaction on hearing that 
Birmingham was going in for underground storage was that it 
would be very expensive. A small overhead storage tank he 
knew of had cost about £18,000. It was fortunate that at 
Windsor Street works the existing holder well could be used. 

Mr. Charnley said he was intrigued to hear that the tanks 
were filled with water whilst the concrete was being prepared. 
He would have thought this would have caused an increase in 
the circumference of the steel tank, resulting in a space being 
formed between the steel tank and the surrounding concrete. 
He considered that, instead of having separate tanks for the 
Nechells and Saltley works, it would have been cheaper to have 
had a single larger tank to supply both, and, considering the 
possible acceptance by the local authority at Swan Village, 
would it not have been better to install an orthodox overhead 
tank at Swan Village works? 

The seal-pot arrangements for unloading P.F.D. were, he 
thought, most ingenious, and Bryan Donkin should be con- 
gratulated on overcoming a problem that occurrs all over the 
country. 

He asked if the Author had any comments to make on his 
experiences with the vertical spindle pumps, and asked also for 
fuller details of the crack-detection tests. It was interesting to 
note that the pumps were vented into the storage tank vent line. 

Mr. Charnley agreed that, with underground storage tanks, 
the cost of fire prevention was considerably reduced compared 
with the more conventional method. He again referred to the 
programme of construction, and said that it was an exceedingly 
good one if it was in fact adhered to. 

Mr. Hawthorn said that before the discussion continued he 
would like to clear up the point about the decision to use two 
Separate tanks for Nechells and Saltley. The difficulty arose 

use the railway ran between the two works and, on the 
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Saltley side, a large coal stack would also make pipe installa- 
tion work difficult. 


Mr. R. G. Franklin (Walsall) was particularly interested in 
the part of the paper dealing with the erection and construc- 
tion of the storage vessels, as he had never been in a position 
to see any underground construction. In this connexion, he 
said that the slides used to illustrate the paper were excellent 
and very much appreciated. At Walsall. where above-ground 
storage is employed, an apparent loss in liquid level was often 
found when plants had been shut down, this being due to con- 
traction from temperature difference; with the absence of posi- 
tive metering, this would affect P.F.D. usage. The Walsall 
storage tank was 25 ft diameter by 30 ft high, holding 80,000 
gal, with the coefficient of expansion being 0-00085 in/°C, an 
increase in liquid temperature of a mere 2°C increased the 
dip by almost 4 in. This could be disconcerting when balancing 
stocks for Customs and Excise purposes. 


Mr. Franklin congratulated the Author on being able to 
obtain a number of rail tanks with bottom discharge outlets, as 
these were not generally available. Standard tanks offered a 
number of difficulties where gantry suctions were employed, 
such as difficulty in completely emptying each tank, possibility 
of entrained air when offloading the final tank contents, and 
vapour locking of pumps. The use of the seal-pot, he thought, 
was an excellent safety measure. He said it was pleasing 
to see that positive metering equipment was being used, which 
enabled the total gallons used each day and gal/cycle to be 
instantly known. At Walsall, where the figures had to be 
calculated, it was not possible to obtain separate operating 
figures for individual plants, for the purpose of comparison. 
The total number of gallons used every 24 h were obtained by 
taking storage-tank levels and adjusting for “ received”. 


Mr. Franklin referred also to the ingenious idea of the 
ventilated cabinets, and said he would like to see it adopted 
more universally. Referring to the prime cost/therm of P.F.D., 
he compared with 8-31d./therm with Walsall’s most recent figure 
of 7:92d./therm with coke charged at 139s. 8d./ton as against 
the 130s. 10d. quoted in the paper. An important item, although 
not in the prime costs, was the decrease in process steam avail- 
able from the plant waste-heat boilers. Assuming there were 
no surplus steam available from carbonizing plant waste-heat 
boilers, or that more remunerative use could not be made of it, 
had the Author tried using automatic ignition to realize the 
potential heat in the blow gases for steam-raising purposes to 
approach self-supporting steam conditions and, thereby, a 
cheaper actual therm? At Walsall, there was a potential 
source of heat in the form of unburnt carbon monoxide in the 
blow gases of the order of 5 per cent. 


Mr. S. Brockbank (Newcastle-under-Lyme) said he was par- 
ticularly interested in the method used for preventing entrained 
air, and asked if this had been successful. Underground storage, 
he thought, should prevent fluctuations in temperature, and he 
asked the Author if there had been any indication of vacuum 
conditions in the tanks. 


Mr. R. S. Ivans (Birmingham) asked for the comparative 
costs of maintenance for underground storage, against the over- 
head method. 

Mr. Brereton (Peter Lind and Company, Limited) said that, 
in projects of this nature, the civil engineer was always told 
that the plant should have been built yesterday, and they had 
the feeling that unless it were built quickly enough it would 
be out-of-date. In effect, there were two tanks, one in steel, 
designed to hold the P.F.D., and another in concrete, to with- 
stand earth pressures. Would not one tank be enough? A 
tank in steel on its own would not withstand the earth pressure. 
Why not, then, a concrete tank that could be made in any shape 
or size? He asked if Mr. Astbury had given any consideration 
to the plastic-type interiors now being made, which had in- 
numerable advantages? He described the type of filter that 
had been used to prevent sand being drawn from underneath 
the foundations. Referring to the point raised by Mr. Charnley, 
he said it was very doubtful if the steel tank and the concrete 
surround would part company, because of the surrounding earth 
pressure. 


Mr. Hawthorn thanked Mr. Brereton for speaking, and added 
that, so far as he knew, no trouble existed between the tank 
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— and the civil engineers. The programme had gone very 
well. 


Mr. F. Harvey (Senior Vice-Chairman), said that at Walsall 
they were very concerned with the size of the vent lines, which 
was likely to cause vacuum conditions through speed of pumping 
out the P.F.D. There was quite a large change in volume 
when weather conditions altered. He enquired why such large 
connexions were used at Birmingham in an underground storage 
that would undergo similar conditions. 

Mr. Astbury said he quite agreed there was a reduction in 
the steam available from the plant, but that less trouble was 
forthcoming with regard to naphthalene and gums than with 
gas oil. The programme for the construction was adhered to, 
and the completion times were: 24 weeks at Windsor Street, 
22 weeks at Swan Village, 25 weeks at Saltley, and 32 weeks at 
Nechells. In these times, they were able to begin using P.F.D.. 
although final connexions had still to be made. 

It was felt that, as the Swan Village site was in the open, it 
was asking for trouble with children in the neighbourhood 
should the tank be above ground; it was, therefore, decided to 
standardize by using all underground tanks. 

The cost of testing seams by gamma-ray radiography was 
£55/tank, and they were tested in 10 different places. 

Mr. Astbury said no trouble had been experienced with rail 
wagons and bottom-unloading tanks coming in quite normally. 


North of England Section 


The integrating-type meters were causing trouble because, when 
the plant was shut down, all the P.F.D. drained back to the 
tank, leaving the meter dry. He said that the tank dips were 
used for Customs and Excise purposes, but the automatic tank 
gauge was used when quick measurement was required. 


Another problem that had arisen was the concentration of 
oxygen in the storage-tank atmospheres, which was being dealt 
with at the moment. The vent pipelines were only 3 in and not 
6 in and they had no record of having reached any vacuum 
conditions. Because of increase of pressure when pumping in 
P.F.D., these had now been altered to 6 in. 


_ The only maintenance on underground tanks was the expense 
incurred in removing the P.F.D. pumps. Painting, of course, 
was not required. 


Concerning plastic linings, Mr. Astbury said that these had 
not been considered because they were not known at the time, 
He doubted whether local authorities would agree to Mr. 
Brereton’s suggestion. 


Mr. Harvey, proposing a vote of thanks, said he had always 
been impressed with the thought that went into anything that 
Mr. Astbury undertook. He welcomed the departure from the 
usual procedure in presenting the paper, and said the slides had 

een very good. All the points mentioned added up to a gas 
engineer’s dream, when an amount of money is spent on a pro- 
ject and is seen back within a year. 


‘Coal: An Assessment’’, by A. C. Monkhouse, C.B.E., Ph.D., M.I.GasE., F.Inst.F. 


Paper delivered in Newcastle-upon-Tyne on 16th March, 1961. 


The paper deals with the present prospects of coal in this 
country, having regard to the challenge of competing sources 
of energy. 

Particular reference is made to the development of plant 
for the treatment of low-grade and small non-coking coals by 
the gas industry, such as the Lurgi system of complete gasifi- 
cation, the slag-bath generator, and gasification in the fluidized 
condition. 

The question of coal hydrogenation and the problems attend- 
ing the manufacture of smokeless fuels are also discussed. 


South Western Section 


The paper concludes with an outline of the position obtain- 
ing today in the coal industries of Canada and the United 
States. 


Discussion ; 
Contributions to an intéresting discussion on Dr. Monk- 
house’s paper were made by Mr. K. W. Francombe, Mr. 


K. W. Lamb, Mr. W. R. Garrett, Mr. S. Irvin and Mr. S. 
Black. 


“Supervision, Telemetering and Control of Unattended Gasholder Stations via the Public 
Telephone System”, by C. R. P. Stonor, Managing Director, Sound Diffusion, Limited. 


Paper delivered at Weston-super-Mare on 15th March, 1961. 


The underlying theme of the paper is that remote supervisory 
and control equipment should only be installed if a definite 
and worth while return could be expected as regards a saving 
in manpower and an improvement in consumer service. The 
necessity is stressed for presenting only the minimum of super- 
visory information to the control-room attendant to enable 
‘effective action to be taken at all times.” 

Having dealt with the need for reducing the capital cost 
of supervisory equipment, attention is drawn to revenue costs. 
Equipment should be designed so as to use plug-in units of 
standard pattern, in order to keep the maintenance costs to 
a minimum. Periodic inspections, always. expensive, should be 
eliminated by using self-supervising circuits that release a 
warning of pending trouble. The largest single revenue cost 
is usually the rental of a private Post Office line. Supervisory 
equipment should be capable of using a cheaper form of 
transmission medium, such as the public telephone system. 


The Author next describes his Company’s ‘‘ Datofonic” 
systems, which, he claims, satisfy the requirements of economy 
both from a capital and revenue aspect. 


The Mark I system provides information over the public 
telephone system in a series of verbal statements and enables the 
control-room attendant to ring in and ascertain stocks and pres- 
sures. If an out-of-limit condition arises, the “‘ Datofonic 
equipment on the holder station would automatically originate 
a call to the control-room. 


The Mark II system also operates over the public telephone 
system but presents its information by means of lamp indica- 
tions and telemeter dials. Remote control of governors and 
boosters can also be effected. 


The Mark III system operates in an identical manner with 
that of the Mark I system, but, additionally, has remote control 
facilities. 
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It is claimed that the ‘ Datofonic” systems conform to 
the theoretical requirements laid down in the earlier part of 
the paper 
Discussion , 
Contributors to the discussion, opened by Mr. F. Tweedle 
(Bath), were Mr. A. G. D. Yeaman (Bristol), Mr. P. Trevelyan 
(Bridgwater) Mr. F. W. Sansom (Torquay), Mr. D. W. G. Scott 
(Bristol), Mr. K. G. Pemberton (Paignton) and Mr. D. H. P. 
Hammond. The following is a summary of the comments and 
answers : 
Support was given to the view, expressed in the paper, that 
extra capital spent on over-elaborating a supervisory system 
was money wasted if it did not produce a further saving in 


. manpower or improvement in consumer service. 


Concern was expressed that, under certain conditions, on 
subscriber trunk dialling, all lines were engaged and an alarm 
condition might well be lost. Stonor said that normally 
the Post Office reckoned to lose one in 500 calls on its auto- 
matic equipment, and, if a greater proportion of calls had 
been lost at the present time, he felt that the Post Office 
would increase the facilities to obviate this hazard. 

The suggestion that radio would get over the difficulty of 
busy lines was made, but Mr. Stonor expressed the view that 
in this part of the country. the nature of the land would 


make repeater stations a necessity, with a consequent increase 


in cost and complexity. 

Mr. Jackson added that he had considered radio equipment 
for the Lopenhead governor station, but found it would be 
uneconomical. 

Discussion took place on the limitation set by the Post 
Office of the operation of “ Datofonic”’ equipment through 
more than one manual operator. 

Mr. Stonor answered a question concerning the cost of the 
central control equipment, pointing out that for the Mark III 
system the cost of the instruction sender was only £50. 
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A view was expressed that the fault rate given in the paper 
relative to “ Datofonic” equipment at one per year seemed 
rather low. Mr. Stonor confirmed that this estimate was based 
on experience of “ Datofonic ” equipment now in operation. 


A question was asked whether or not the “ Datofonic” 
equipment could dial an alternative number. Mr. Stonor con- 
firmed that this was the case, although the dialling of an 
alternative number would occur every other call made and 
would not depend on the equipment failing to get through to 
the primary number during its initial seven efforts. 


In response to a question concerning the accuracy of the 
alarms on the grid pressure, Mr. Stonor confirmed that the 
alarms were derived from a mercury manometer and, there- 
fore, could be relied upon to be accurate to within very fine 
limits. 


In response to questions on flameproofing of equipment, Mr. 
Stonor confirmed that the “ Datofonic” equipment was not 
flameproof and must be mounted in a safe area. The 
motorized cam unit was designed to be flameproof, but had 
not yet received a certificate from the Ministry of Power. 


The Author’s view that preventative maintenance causes 
more trouble than it eliminates was called in question, and his 
reasons for making the statement were asked for. Mr. Stonor 
said that, unlike the preventative maintenance carried out 
by the Forces, the maintenance of a “ Datofonic” system 
would be by a roving engineer who would be completely un- 
supervised. Since “ Datofonic” equipment is contained in 
airtight steel cabinets, the need for removing dust does not 
exist. 


A view was expressed that the double announcements made 
by the “ Datofonic” equipment when the mean value was 
indicated might lead to confusion. Mr. Stonor stated that in 
his experience no confusion had been caused to control-room 
attendants by this simple means of indicating mean value. 


JUNIOR GAS ASSOCIATIONS 


London and Southern Junior Gas Association 


“The Preparation and Assessment of Technical Data”, by F. E. Craddock and A. E. F. Lane, 
North Thames Gas Board. 7 


Paper delivered in London on 3rd February, 1961. 


The paper describes the procedure adopted by the North 
Thames Gas Board to obtain, analyse and present technical 
data relating to the various processes of gas manufacture. 
Separate sections deal with the collection of the data, tabula- 
tion of results, and steps taken to monitor the quality of raw 
materials. 


Attention is drawn to the need for accurate determination of 
the basic quantities involved, and descriptions are given of 
the methods of weighing coal and the measurement of volume 
and calorific value of gas. Reference is made to the method of 
preparing stock heaps and the difficulty of obtaining reliable 
figures for the quantity of coal and coke in stock. Means 
for assessing the quantities of coke and breeze used in various 
works’ processes and available for sale are described together 
with those relating to liquid products, e.g., benzole, tar and 
ammonia. 


The problems relating to the measurement of quantities and 
calorific value of feedstocks derived from the oil industry 
are discussed; for example, modifications can now be applied 
to a Fairweather calorimeter to enable it to accommodate 
refinery gases of widely varying specific gravity and having a 
calorific value of up to 3,500 Btu/ft’. 

The paper includes reproductions of the six tables that form 
the basis of the presentation of technical data, each gas-making 
Process being dealt with separately. The table relating to 
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coal gas includes figures for volumetric and thermal yields, 
inerts, hydrocarbon enrichment value, and the equivalent ther- 
mal yield at the declared calorific value (500 Btu/ft*), and the 
method of calculating and the significance of the last two 
figures are discussed. 

The performance of water gas plants is assessed by appor- 
tioning the total thermal yield between oil and coke, and the 
data necessary for calculating these results are given. The figure 
of 80 ft* of oil gas per 1 gal of oil is now assumed instead 
of 70, as originally given by Hollings; this is due to changes in 
design of plant and to improved gas-making properties of the 
oil. The increasing use of oils other than gas oil has led 
to the calculation of a figure for therms per ton of oil in 
addition to the usual therms per gallon, in order to take 
account of the variation in the weight of hydrocarbons gasified 
per unit volume of oil. Where light distillate is used for 
fuel-bed reforming, a slightly lower thermal yield from blue 
water gas is assumed; the yield from oil is calculated by differ- 
ence. This latter limitation in the value of these results leads 
the Authors to suggest the substitution of a figure for the gas- 
making efficiency of the plant as a whole, dividing therms in 
gas by the total therms in the oil and coal. 

Certain basic data concerning the processes of reforming 
refinery tail gases, catalytic oil gasification and complete gasi- 
fication of coal are given together with an explanation of the 
means used to derive expressions for efficiency of operation. 
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The quantities of raw materials used in, and products result- 
ing from, all gasification processes are summarized and 
expressed per unit volume of gas at inlet to holders, and the 
Authors suggest methods of deriving therefrom such expres- 
sions of overall efficiency as “ efficiency of gas production”, 
““ percentage thermal recovery” and “ fuel expenditure index ”. 


In addition to the data relating directly to gas-making 
processes, the Board’s procedure for reviewing the quality and 
purity of distributed gas are briefly referred to, and the final 
section indicates some of the tests employed for monitoring the 
quality of coal, oil, refinery tail gases and liquefied petroleum 
gases as received. 


Discussion 


Mr. L. J. Clark, B.E.M. (Westminster), in opening the dis- 
cussion, said that the main criteria for technical data were : — 


(i) the confidence one placed in it, (ii) the basis for com- 
parison that it provided, and (iii) the rapidity with which the 
information was available. ‘ 

Problems affecting accuracy of works data were numerous: 
the difficulty in obtaining accurate coke moisture contents 
when dealing with large quantities, accurate weighing, degrada- 
tion and ingrains in transport lead to variations in total coke 
made over a range of from 12 to 16 cwt/ton of coal carbonized. 
Full-scale sampling and testing of coal at each works could 
not be justified, but the varieties of coal had increased three- 
fold or four-fold over pre-war; coke testing for marketing was, 
of course, of utmost importance and must be rigid. 


He was interested in the adaptation of the Fairweather 
calorimeter for high calorific value and would like to know 
how it compared in performance with the Reineka calorimeter. 


He suggested that the efficiency of carburetted water gas 
plants might be considered under two headings, viz., the 
efficiency of the generator and of the carburettor respectively, 
allowance being made for cracking at the expense of coke 
in the generator and for waste-heat steam production. 


He thought this paper could well be followed by an equally 
valuable follow-up paper leading right up to the final costing. 


Mr. K. C. Mead (Fulham) said he felt all figures should 
be presented in the simplest possible terms for ease and rapidity 
of assimilation by those responsible for action to be taken. 


Commodity stock-taking was of utmost importance and 
should be as accurate as it was possible to make it. 

Mr. Longley (Old Kent Road) said he wondered if the 
excellent producer fuel figure given in the table was not, in 
fact, too good to be accurate, and he would also like to hear 
more on the accuracy of belt weighers. He thought that the 
simplest approach to stock measurement was that of working 
off differences from a known datum. From his own experience 
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at East Greenwich, investigation had shown that naturalj 
compacted coal in a stock heap had a bulk density of 34 ft’/ton 
instead of 42 ‘as supposed; a steel box had been hammered 
into the coal face low in the heap to obtain the coal for this 
test. 

He felt that incentive payments for bulk movement of coal 
and coke could lead to errors in scales and weights. Coal 
assays provided a valuable basis for target figures for the 
efficiency of carbonization. 

Mr. J. Wiseman (Bow Common) said the Authors’ assess- 
ment of the Fairweather calorimeter as a self-checking instru- 
ment should be accepted with caution. Unsuspected errors 
could occasionally occur; a regular independent check was 
desirable. The Authors were rather critical of the accuracy 
of weighing of producer fuel on works, and it must be ad- 
mitted this was often justified. If careful thought had not 
been given in the design stage, weighing of internal works fuel 
used could be expensive. In his own works, producer fuel 
consumption was very low. Owing to the introduction of 
“ Cleanglow”” manufacture, this fuel was now imported over 
the station weighbridge, and he was glad to say the perfor- 
mance of the retort house weighing machine had been vindi- 
cated. He thought the Authors were a little pessimistic about 
coal sampling. One could draw up a balance between the ash 
content of the coal and of the coke. This checked both figures 
and also the moisture determinations. With care, good agree- 
ment could be obtained. Was it not time that “ Ounce 
strength ” was discarded in favour of a more scientific unit? 

Mr. J. Rigg (Watson House) asked the value of works 
figures for weights of coal. He had in mind that at a large 
works, shortly after the war, a very considerable tonnage of 
coal was found “ when a stock heap was cleared ”’. 

Mr. Watson agreed that oil gas tar should be accounted for 
by subtracting it from the original gas oil carburetted. The 
formula was also used by the Ministry of Power, oil being 
converted for the purpose to its coal equivalent. 

Mr. D. R. Coote (Romford) stressed the value of the use of 
moving annual averages. 

Mr. A. F. Grant (Bow Common) considered that production 
results should be expressed as a ratio of an optimum possible 
result. He also wished that transfers of coke between stations 
could be kept completely separate from the working results of 
those stations. 

Mr. Walters (London) said that the main consideration of 
all operations was cost above all other criteria. 

The Authors replied to the discussion that the agreement 
between the modified Fairweather and Reineka calorimeters 
was within 0-2 per cent. 

In accounting for gasification efficiencies, allowance was 
made for lost coke when reforming feedstock. 

All other points raised were answered. 


“Notes on the American Gas Industry: 1960”, by A. Yates, M.|.GasE., Assistant Gas Engineer, 
Technical Headquarters, Wales Gas Board. 


Paper delivered at Birmingham on 7th February, 1961. 


The paper reports upon some of the experiences obtained by 
the Author in 1960, during a tour of approximately three months 
in the United States of America, as a recipient of a Woodall- 
Duckham Educational Award. The subject matter is developed 
on the assumption that future gas supplies in Britain will, in 
many respects, follow the practice of transmission and distribu- 
tion of natural gas supplies in America. 

The overall situation of the American gas industry is described 
by the Author, who points out that the abundant quantity of 
clean gas at high pressure has problems peculiar to itself. 

In America, gas transmission companies frequently require 
that the pipelines should operate continuously at load factors 


within a range 90 to 102 per cent of contract demand. 
Distribution companies, on the other hand, have often to face 
demands that are in the ratio, Summer: Winter, of 1:6. The 
most important single method of meeting these seasonal varia 
tions in gas demand is the development of underground gas 
storage, near to the point of use. The Author describes and 
illustrates diagrammatically an example where 6 bill. (6 x 10°) ft 
of recoverable gas may be stored. 


Transmission pipelines, with their recompression stations 
located at intervals along them, are generally owned and 
operated by a transmission company whose object is to pass as 
much gas as possible through the line during its working life. 
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The line is operated at the economic limit of its capacity for 
most of the time. The maintenance of good flow characteristics 
within the line is, therefore, of major importance, and the 
American approach to this problem is described in the paper. 

One particular advantage the average American distribution 
system has over its British equivalent stems from the chequer- 
board pattern of street layout common to most American towns 
and cities. The accurate geometrical layout of mains lends itself 
admirably to the solution of distribution network flow problems, 
using electronic computers. 


The distribution of dry natural gas has been found to give 
considerable trouble in leakage from existing socket-and-spigot 
joints on cast iron mains. Descriptions are given of attempts 
to reduce unaccounted-for gas by re-humidification, oil fogging 
and joint sealing, both internal and external. 

Carefully prepared estimates indicate that the peak in natural 
gas production will be reached between the years 1980 and 2000, 
and that town gas demand may outstrip natural gas production 
by 1970 to 1980. With this in mind, the development of pro- 
cesses capable of producing a gas, mainly from oil shale or 
coal, interchangeable with natural gas, is receiving very careful 
consideration. The Author briefly outlines three processes 
undergoing investigation involving synthesis, hydrogenation and 
the use of nuclear heat. 

Di we 

Mr. R, W. Nelson (President) complimented Mr. Yates on 
his paper, which he felt showed that gas companies in the 
United States were dealing with 2 relatively cheap fuel and yet 
were still trying to make the end-product as cheap as possible. 
He was particularly interested to hear of distribution practices. 

Mr. W. E. Dobson (Birmingham) opening the discussion, 
said he noted, with regard to the use of plastic pipes for service 
laying, that Mr. Yates had confirmed his own impression when 
he, too, had visited the U.S.A. It had been estimated that, 
between 1970 and 1980, the gas companies would have to under- 
take the manufacture of gas, and, bearing in mind that the 
plastic pipes used were affected by hydrocarbons, he wondered 
what action was likely to be taken. 

He referred also to the propane storage plant in Texas, and 
asked if this method of storage could be undertaken in a built- 
up area; the slides Mr. Yates had shown indicated that the 
installation illustrated was evidently in a rural area. 

Mr. Dobson said he had not seen an electrically-driven 
compressor during his visit to the U.S.A., and was interested to 
see that they were in fact, used. 

He finally enquired if Mr. Yates could give any information 
on safety standards in the United States gas companies. 

Mr. Yates replied that many people in the United States 
gas industry appreciated the problems connected with the use of 
plastic piping in handling manufactured gas. He agreed that, in 
the present knowledge of plastics technology, such piping would 
be vulnerable to attack from hydrocarbons in the gas. Never- 
theless, in view of the present advantages of its use, the gas 
companies were still laying plastic pipes. 

Propane storage tanks were nearly always buried in densely 
populated areas, but he confessed that he had found it difficult 
to decide whether this procedure was, in fact, good engineering 
practice or whether it was merely following what amounted to 
a fashion, which, when started by one company, was followed 
by others. The companies were generally in a healthy financial 
position and they did not, therefore, need to look too closely 
into the economics of the matter. The cost of gas from the 
fansmission companies was about 3d./therm and the selling 
Price about 9d./therm; it was received under pressure and all 
the gas companies had to do was to distribute it. 

_As to safety standards, he said he had found them to be of a 
high order except where companies were interested in increasing 
the speed at which work was completed. 

_Mr. F. S. Charnley (Smethwick) asked for further informa- 
tion as to the method of bringing down the calorific value of 
natural gas by air inspiration, and enquired what was the pres- 
sure of the incoming gas and the proportion of air in it. 

Mr, Yates replied that the Chicago gas was received at above 
1,050 Btu/ft* and air was admitted sufficient only to reduce the 
calorific value to 1,000 Btu/ft®. The venturi insvirators were 
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similar to those used in this country, e.g., at Cardiff. The 
calorific value control valve is on the air inlet to the venturis 
using a “ calorimixer”. The amount of air inspirated was in 
fact very small. 

The President asked if the inspirator was mainly used for 
control of calorific value, or if it was used for boosting gas. 

Mr. Yates said that this equipment was not used to elevate 
pressure in installations he had visited in America, although it 
was used by the Wales Gas Board for boosting low-pressure gas 
supplies. 

Mr. A. C. Jennings (Birmingham) asked what commercial 
policy the United States gas companies pursued. It appeared 
to him that gas was offered at such low prices that it would 
need no selling. Canadian engineers he had met seemed to 
adopt a strong line—almost a “ take it or leave it” attitude— 
and he wondered if the American engineers took the same 
view. 

Mr. Yates said that the United States gas companies did try 
to sell their gas and offer particularly favourable terms for 
interruptible loads. They did, in fact, sell gas to electricity 
generating stations where these stations were prepared to take 
gas at any time. Efforts are made to increase commercial gas 
sales, and sales and service organizations are very good. An 
American gas company does not have many showrooms, but 
engages agents who operate in conjunction with the company, 
using the company’s promotional facilities and general sales 
policy. 

Mr. A. V. Wainwright (Senior Vice-President) referred to 
the Author’s note on the use of interruptible supplies to 
domestic consumers where interruption was based on ambient 
temperature—the change over from town gas to propane 
or fuel oil being effected either manually or automatically. 
He asked if the gas company installed the necessary apparatus, 
or was it fitted by the consumer himself? 

Mr. Yates said he had seen this type of installation in 
Southern Illinois where the central heating appliances were 
purchased from agents. The consumer was responsible for 
fitting them, but they were inspected by the gas company before 
a gas supply was completed. : 

Mr. S. K. Hawthorn (Birmingham) said he was very inter- 
ested in the picture of the American gas industry as outlined 
by Mr. Yates and in his comment that practices he had 
described, although not applicable to this country at the present 
time, might well become so in the near future. “In this 
country ”, he said, “ we are not now interested in natural gas 
from our own sources, but, with the advent of liquid methane, 
we might soon be looking into the possibility of using it”. 

Mr. Hawthorn said the U.S.A. used to manufacture gas, 
but natural gas had made this unnecessary. Now we had 
learned that this in its turn was limited in supply and the gas 
companies would have to consider manufacturing gas again 
between the years 1970 and 1980. It therefore appeared that 
the interests of the two countries were tending to converge 
again. It was clearly up to us to take an interest in American 
techniques. 

Mr. Hawthorn noted also that the pipelines in the U.S.A. 
had now reached their economic limit, and asked what would 
happen in the future. Some of the companies used liquid pro- 
pane and air mixtures and reduced the calorific value by adding 
air. What effect did this have on distribution systems? He 
asked also if consumers had their own governors. 

Mr, Yates said that, as far as he could see, the American gas 
companies did provide for increased peak gas loads by increas- 
ing their underground storage at the point of use. In the rural 
areas, consumers had their own high-pressure governors, but 
this was not normally so in the larger towns. 

There was not likely to be much adverse effect of the use of 
propane/air on pipelines handling natural gas, since the latter 
is very dry, the dew-point being about — 40°F. 

Mr. J. D. O. Bath (Southampton) noted that Mr. Yates had 
said that the change from manufactured gas to natural gas had 
been accompanied by increased unaccounted-for gas, and 
asked why this was so. Was it due to the fact that natural 
gas is dry gas? 

He found the Author’s remarks on the storage of gas very 
interesting, particularly since The Gas Council was looking 








into this matter and, if its investigations proved successful, it 
was envisaged that a considerable quantity of gas could be 
stored in this way in this country. This gas would require 
little or no treatment and would lead to an estimated reduction 
of 25 per cent in plant operation. The overall saving in the 
manufacture and distribution of such gas would, however, be 
very low. 

Mr. Yates replied that the increase in unaccounted-for gas 
was due to the fact that natural gas is dry. In this con- 
nexion, a good deal of research was being done in the U.S.A. 
Sections of mains and joints were being cut out and closely 
examined, and it was considered that shrinkage of the jute 
packing in the joints, through drying out, caused increased 
unaccounted-for gas. 

The President asked, if new pipelines were to be laid in the 
U.S.A., would cast iron or steel pipes be used? 


Mr. Yates said that the present trend was to use nodular- 
iron mains. The U.S. gas industry faced the same problems 
in corrosion of steel mains as arose in this country. 


Mr. S. Brockbank (Newcastle-under-Lyme) said that natural 


‘Design and Operation of Gas-fired Multi-passage Kilns”, by K. Davis, M.!.GasE., M.inst.F., 
(Divisional Industrial Gas Officer, North Staffs. Division), and L. Walker, M.Inst.F., A.M.1.Mech.E. 
(Assistant Industrial Gas Officer), West Midlands Gas Board. 


Paper delivered at Birmingham on 21st February, 1961. 


During the past few years, many manufacturers in the 
Stoke-on-Trent District of the West Midlands Gas Board have 
replaced coal-fired bottle ovens by modern gas-fired kilns. A 
considerable number of these kilns have been of the tunnel 
type, but recently the Board's Industrial Department has 
designed and developed a gas-fired multi-passage kiln. This 
kiln has all the advantages of continuous firing, but avoids the 
disadvantages associated with conventional tunnel kilns having 
a large cross-sectional area. By dividing the load to be fired into 
a number of small units, each item is virtually fired individually, 
thus avoiding the necessity of long soaking periods at 
temperature. 

The ware to be fired flows through the kiln in the opposite 
direction to the products of combustion, thus ensuring a maxi- 
mum degree of load recuperation. This system is more adaptable 
to factory layout than the electrical multi-passage kiln in which 
the ware flows in opposite directions in alternate passages. The 
ware is loaded onto refractory bats, which are pushed through 
the kiln by means of a hydraulic pusher unit provided with a 
variable-speed pump to enable the time cycle to be adjusted. It 
is also fitted with pusher bars that automatically sink below 
the level of the table as the bat is pushed into position. 

The burners utilize town gas at ordinary pressures and are 
fired with natural-draught injectors. The burner tubes are made 
of extruded sillimanite, and the material is specially graded to 
withstand the reducing conditions of unburnt gases within the 
tube and the oxidizing conditions on the exterior of the tube 
walls operating at temperatures in the region of 1,350°C. In 
order to prevent the gas from “ cracking” and forming carbon 
in the heated tube, a small quantity of primary air is introduced, 
whilst the remainder is supplied as secondary air preheated by 
the outgoing ware. The combustion passages, which also form 
the roof and floor of the work passages, are manufactured from 
high-grade sillimanite fired to a temperature of at least 1,550°C. 
The construction of the side walls varies along the length of the 
kiln and is adjusted to suit the temperature conditions. 


Temperature control is effected by thermocouples positioned 
in the work passages and operating, through indicating con- 
trollers, small solenoid valves in the gas feed. At several points 
along the length of the kiln, ventilating ports are provided to 
enable glaze vapours, efc., to be removed from the work 
passages by means of an exhaust fan. 

Several of these kilns have now been constructed having 
four, six or eight passages. The type of ware that has been 
fired includes earthenware and china pottery, biscuit and glazed 
wall tiles, decorated earthenware, electrical porcelain, colour 
calcining, etc. 
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gas had no smeil. 
undetected ? 

Mr. Yates said the gas was odorized and the odour level was 
maintained by frequent tests coupled with consumer reaction to 
excessive smell. 

Mr. L. H. Hardy (Birmingham) referred to the storage of 
liquefied petroleum gas in caverns and said that if water were 
known to seep into the caverns, did not this mean that gas 
could seep out? He also enquired the size of the caver 
mentioned by Mr. Yates. 

Mr. Yates said that, as far as he knew, in only one of the 
liquefied petroleum gas storage caverns in the U.S.A. had an 
ingress of water been noted. Pumps were generally installed to 
remove water from the storage cavern. The cavern is located 
at least 300 ft below the water table, so that hydrostatic pres- 
sure always exceeded the vapour pressure of the liquefied 
petroleum gas being stored. Under such circumstances, leakage 
of gas from the cavern could not easily take place. 

The cavern mentioned had a capacity of 250,000 barrels, 
i.e., approximately 1,000 mill. ft® of natural gas equivalent. 


Did this mean that leaks would go 


As an example, one kiln is, at present, firing glazed and 
decorated earthenware domestic pottery at a temperature of 
1,050°C. The time cycle is 8 h 20 min, and the output for a 
168 h week is between 4,500 and 5,200 dozen mixed pieces, 
which includes a large proportion of dinner-ware. 

Discussion 

Mr. R. W. Nelson (President) said the paper had in no way 
fallen below expectations, and the work described was of great 
value to Industry. 

Mr. S. Brockbank (Newcastle-under-Lyme) said the heating 
of a kiln, since it meant continuous burning, also involved close 
supervision, including a careful watch on all instruments. Mr. 
Davis had pointed out that the effect of an alteration in burners, 
etc., often did not become apparent for some days, a significant 
factor in assessing the difficulties in the building of the multi- 
passage kiln. The firing of a kiln might appear to be a relatively 
simple matter, but those concerned with the process knew that 
this was not so and often required a lifetime’s experience. In 
the North Staffs Division, there were a number of lift-off cover 
kilns, but these were not usually fired by gas, and, therefore, 
offered opportunities for persuading manufacturers to use gas 
for firing. Pottery was an old industry and the men in it took 
a good deal of convincing before they would accept new ideas. 
He thought the Board had shown great foresight in allowing 
the work described by the Authors to be done. 

Mr. Brockbank went on to say that the multi-passage kiln 
had a high efficiency, and he considered that such work as 
annealing and normalizing could be done in the motor industry 
and would increase its efficiency. : 

Mr. Walker replied that it was estimated that the multi- 
passage kiln at Longport was 95 to 100 per cent efficient. Almost 
all the useful heat content of the products of combustion and 
the cooling ware was taken out. In fact, some efficiency had 
to be sacrificed to ensure that the exhaust gases left the kiln 
hot enough to prevent condensation. 

He agreed it was possible that the multi-passage kiln had 
uses outside the pottery industry. The whole firing cycle had to 
be watched very carefully when firing ceramic goods, and as 
the kiln was successful in this field it would have easier con- 
ditions to fulfill in most other firing processes. 

One difficulty was that many other industries have been 
accustomed to use small intermittent furnaces and are very 
loath to give up the necessary floor space to install a furnace 
having sufficient length to provide load recuperation. He 
thought the multi-passage kiln might be of interest to the glass 
industry. 
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Mr. A. C. Jennings (Birmingham) said all would appreciate 
that the multi-passage kiln was a first-class example of gas 
engineering. The Authors had been associated with the pro- 
ject from the outset and the work covered a period of about 
seven years at a total cost to the Board of approximately 
£25,000. The Board saw many possibilities in this type of 
kiln, and, amongst other properties, it had the advantage that 
it could be shut down quickly. He agreed that pottery manu- 
facturers were very conservative and had to be convinced before 
they would accept another point of view. 


Mr. Davis had been able to show them that the multi-passage 
kiln was a marked improvement on the type of kiln they had 
used for many years. 


Mr. Jennings considered the key to the successful operation 
of the kiln was good refractories, good bricklaying and good 
construction. In fact, he said, the only difficulty was that some 
troubles had been experienced with refractories and it was for 
this reason that refractories supplied by more than one firm 
were investigated before deciding on one particular type. 


From a commercial point of view, the task was now to 
go out and sell the kiln, and in this connexion he thanked 
Gibbons, Brothers, and Woodall-Duckham (through its sub- 
sidiary company, W. J. Jenkins, Limited) which was taking 
up the manufacture of the kiln as a commercial proposition. 


Mr. H. R. Smith (Derby) :asked if the Authors had any 
information on the maximum permissible height of the passages 
in the kiln. Could a height of 94 in be exceeded? 


He enquired also what indications there were of the wearing 
of the refractories and how could the temperature be con- 
trolled with more than two vertical passages. He asked what 
was the permissible loading of the kilns and was its estimated 
efficiency calculated in accordance with the accepted code 
for calculating kiln efficiency. 


Mr. Walker said that kilns had been constructed with pas- 
sages of heights of 74, 84 and 94 in and the maximum height 
was thought to be 104 or even 11 in. There appeared to be 
no demand for wider passages. 


Wearing of refractories had been experienced in only one 
section of the kiln over a period of 24 years, and this was 
found to be due to faulty firing of the sillimanite. 


The maximum permissible loading of the Mark II kiln was 
35 Ib/ft* and the efficiency had been calculated in accordance 
with the code to which Mr. Smith had referred. 


Mr. J. S. Goode (Birmingham) referred to the gas consump- 
tion of the kiln and said that the wages of the operator were 
more than the cost of the gas consumed by the kiln. He con- 
sidered, therefore, that efforts should be made to increase the 
efficiency of the operator, whose work, he felt, must include 
a good deal of waiting time. 


He replied that, although one man operated the kiln, 
he had to place unfired ware onto the bats, feed it into the 
kiln and off-load the outcoming fired ware and sort it. 


Mr, Davis said that considerable thought had been given 
to mechanizing the method of feeding goods to the pusher 
gear unit, and one or two methods could be used, depending 
upon the material being fired. 


Mr. S. C. Crathorn (Wolverhampton) asked what was the 
relationship between the outside truck temperature of the 
orthodox type of tunnel kiln quoted in the paper to the cool 
cone in the centre of the truck. 
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Mr. Davis said that, in a large-cross-section tunnel oven, the 
inside of the truck could be lagging as much as 70° to 80°C 
behind the outside when approaching the top firing tem- 
perature. The multi-passage kiln overcame this difficulty. 

Mr. W. N. Smirles (Birmingham) said he had had an interest 
in the project in its early stages, and asked if the “kink ” 
in the cooling cycle, as shown in Figure 12 of the paper, 
had been specially arranged for. He was not clear about 
the arrangements for combustion of the gas, since it seemed 
to him that the gas could not be neat, nor could it be fully 
combustible; it could, therefore, only be a mixture. 


Referring to the height of the kiln, he asked if this would 
result in the forming of a passage not only underneath, but 
also on top. 


Since the kiln was of some considerable length, the tem- 
peratures were moderate with only a small portion of the 
kiln at high temperature. He wondered, therefore, why it 
was stressed that the refractories should be of sillimanite; there 
were other and cheaper refractories that should be just as 
satisfactory. 

Mr. Davis replied that the “kink” in the cooling cycle, to 
which Mr. Smirles referred, was an illustration of one par- 
ticular type of cycle only, and explained that much depended 
upon the nature of the ware to be fired; e.g., it might require 
a slow rise in temperature followed by a quick fall. This in 
turn would depend upon from which end of the kiln the heat 
was. drawn. Temperature adjustments could also be made 
by opening the ducts, but this form of control was not 
favoured. 


With suitable exhaust suction, it would appear that a 100 
per cent mixture could be pulled through the burner without 
the problem of lighting back, although in fact it appeared 
that there was a flame inside the burner tube in the hot zone 
and it might be that the mixture was starting to crack and 
partially burn to carbon monoxide in the burner tube. 


On the question of the choice of refractories, Mr. Davis said 
that Gibbons’ Brothers were experts in this field: other, cheaper 
refractories could have been used, but sillimanite, recommended 
by the firm, was hard and withstood temperature variations. 


Mr. K. Manuel (Birmingham) considered that, apart from 
the value of the multi-passage kiln as such, it served to show 
the general public that the West Midlands Gas Board was 
capable of producing a new type .of kiln, and, as a result, 
other enquiries had been received from industry. 

He asked if Mr. Davis could say how the running cost of 
the Mark II kiln compared with that of an ordinary tunnel- 
type kiln. 


Mr. Davis replied that it was difficult to compare running 
cost precisely, as a muffle-type ordinary tunnel would 
obviously be less efficient than an open-flame type, but 
generally, when comparing the multi-passage kiln with an 
open-flame ordinary tunnel kiln, the multi-passage kiln would 
give the same amount of ware at between one-half and one- 
third of the gas consumption. It should be remembered that 
the multi-passage kiln was a muffle type. 

Mr. Davis agreed that a number of manufacturers had 
visited Longport to see the kiln, and opportunity had been 
taken to discuss other matters with them. 

Mr. A. V. Wainwright (Senior Vice-President) commented 
that the cost of firing a kiln by gas compared favourably with 
coal firing, and hoped that this would induce manufacturers 
to change over to gas firing. 


“The Engineer’s Contribution”, by J. A. Ferguson, Controller of Production and Technical Services. 
Glasgow and Western Division, The Scottish Gas Board. 


Delivered in Glasgow on 10th February, 1961 


The objective of the paper is to portray a picture of the 
Nature and extent of the engineer’s contribution to industry. 
Reference is made to some typical technical organizations as 
found in some sections of industry, as well ‘as the general trend 
in the gas industry. 
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In discussing the relative position of the engineer in industry. 
the major industries are divided into three groups, and the 
importance of the engineer in each is evaluated. 

The paper then deals with organization, and draws com- 
parisons between the technical function in the gas industry 
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and that in the steel industry. It describes in some detail the 
work of the engineering function within the Glasgow and 
Western Division, and illustrates this by referring to current 
projects. 

The Author supports the theory that the greatest effort in 
tackling the technical problems of the gas industry could be 
achieved by co-ordination of all aspects of engineering under 
one head. 


Discussion 
In the course of the discussion the following questions and 
comments were raised :— 


(1) The advantages and disadvantages of specialization for 
particular functions was commented upon by several speakers. 


PERSONAL NOTES 
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(2) The future of specialist engineers in the industry after 
the completion of the very large projects such as Lurgi, ang 
the grid, was another question, and an opinion was expressed 
that they could not all be absorbed in maintenance, production, 
distribution and industrial gas. 

(3) The training of the right type of engineer for the needs 
of the gas industry was discussed. 

The discussion was such that in many cases one contribution 
to the discussion was answered by another, sides tending to be 
taken between the specialist engineer and the general 
practitioner. 

r. Ferguson answered several questions on the engineering 
projects mentioned in his paper, as well as clarifying, explain- 
ing and emphasizing his particular views and feelings. 


Personal Notes 


Appointments 
(a) By Area Gas Boards : 


Scottish GAs BOARD 
Board Headquarters— 
Assistant Distributing Engineer : 
Dumbarton Works— 
Technical Assistant : F. H. Joynes 


West MIDLANDs GAs BOARD 
Sales and Service Manager : O. S. Brettle 


Alexandra Road Works, Tipton— 
Station Engineer : F. Wardle 


East MIDLANDs GaAs BOARD 


Chief Engineer and Production Controller : C. E. Mills 
Assistant Chief Engineer (Production): A. W. Elliott 
Production Engineer (Southern) : G. H. Potter 
Production Engineer (Northern) : J. Bateman 
Aylestone Road Works, Leicester— 

Assistant Engineer: J. R. Lane 


W. M. R. Paterson 


(b) Other Appointments : 


Mr. B. C. Morton (M), Managing Director since 1942 of 
Robert Dempster and Sons, Limited, 
Elland (Yorkshire), has also been ap- 
pointed Deputy Chairman of the com- 
pany with effect from 4th April, 1961. 

Mr. W. Wedgwood (M) has been appointed General Mana- 
ger of the Jersey Gas Light Company, 
Limited. 


Retirements 
Mr. J. Carr, O.B.E., M.C. (M) is retiring on 30th April, 
1961, from his position of Deputy 
Chairman of the South Western Gas 
Board. 
Mr. G. E. Currier, O.B.E. (M) is retiring on 30th April, 
1961, from his position of Deputy 
Chairman of the North Eastern Gas 
Board, to which he was appointed in 
1949. Mr. Currier, who has served 
the gas industry for 494 years, was 
President of The Institution of Gas 
Engineers in 1952-53 and has been its 
Honorary Secretary since 1955. 
Mr. L. P. Ingram, M.B.E., M.Sc. (M) is retiring from his 
position of Chief Engineer to the South 
Western Gas Board on 30th April, 
1961. 
Mr. S. P. Pepin, O.B.E., B.Sc. (M) is retiring from his 
position as General Manager of the 
Jersey Gas Light Company, Limited. 
Addresses Required 
The Council would be grateful to receive the present 
addresses of the following members, last heard of in the places 
given in brackets : 
Mr. W. G. Bignell (Eastbourne). 
Mr. E. Clark (Bridlington). 
Mr. S. W. Hayes (Braunton). 
Mr. E. F. Surti (Birmingham). 
Lt.-Col. T. C. Whimster (Ashford). 


Library Accessions 


The following are a few additions to the Library since the issue of the Journal, Vol. 1, No. 4, April, 1961: 


Auswirkungen neuer Gaserzeugungs-Verfahren unter Beriick- 
sichtigung der Auswirkungen auf den Kokereibetrieb, 
by Dipl.-Ing. Dietrich Wagener. Forschungsberichte 
des Wirtschafts-und Verkehrsministeriums Nordrhein- 
Westfalen, No. 354, 1958. 


British Standard Code of Practice CP 332.601 : 1960 (In- 
stallation of Gas Appliances for Laundering and Ancillary 
Domestic Purposes). 


Comparison of the Performance of Various Room-heating 
Units Used in the I-B-R Research Homes, by W. S. Harris 
and L. N. Montgomery. University of Illinois Engineering 
Experiment Station Circular No. 68, 1960. 


Domestic Utilization of Gas, by R. N. Le Fevre. New 
edition, revised. (Walter King, 1961.) 


Gas Company Experiences with the Experimental High- 
performance Burner, by F. B. Hammaker. American 
Gas Association Research Bulletin 80, 1960. 


Gas Tariff Policy as a Means of Harmonizing Gas Supply and 
Demand. Report Prepared by the Economic Commission 
for Europe. (United Nations ; 1960.) 

Goedgekeurde Artikelen. 1 Januari, 1961. Lijst van Gas- 
verbruikstoestellen en Andere Artikelen Goedgekeurd 
door het Gasinstituut V.E.G. te ’s-Gravenhage. 

Institution of Mechanical Engineers Proceedings, 1959, 
Vol. 173. 

Non-selective Collector for Sampling Gaseous Air Pollutants. 
U.S. Department of Health, Education and Welfare, 
Public Health Service, 1959. (The Robert A. Taft Sanitary 
Engineering Center Technical Report A59-3.) ; 

Present Status of Underground Storage of Natural Gas in 
Southern Ontario and Quebec, by R. P. Charbonnier. 
Department of Mines and Technical Surveys, Ottawa, Mines 
Branch Information Circular IC121, 1960. 

Pump Manual. (American Institute of Chemical Engineers, 
1960.) 

Register of Heating, 1960-61. (‘‘Fuel Efficiency”) 
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Murdoch Lecture: 1961 


The Yorkshire District Gas Education Committee and 
the Manchester and District Section of the Institution 
§ red a lecture on “ Flame”, which was delivered by 
Dr. J. E. Garside in the Houldsworth School of Applied 
Science, University of Leeds, on Wednesday, 12th April, 1961. 

Boys and girls from 25 schools in the West Riding of 
Yorkshire were invited, and approximately 180 attended. 
As in previous years, Dr. Garside’s lecture was greatly 
appreciated and followed with rapt attention as he dis- 
cussed flame and combustion from the earliest times to 
the present, and illustrated his lecture with many experi- 
ments. 


Mr. J. M. McLusky (Chairman, Yorkshire District Gas 
Education Committee), in introducing the lecturer to the 
audience, briefly mentioned the purpose of the Murdoch 
Lectures. At the conclusion of the lecture, a vote of 
thanks was proposed by Mr. N. G. Appleyard, a member 
of the District Gas Education Committee, who paid tribute 
to the lecturer and made mention of the thanks of the 
Committee to Professor A. L. Roberts and the Senate of 
the University of Leeds for allowing the use of the lecture 


theatre. Acknowledgment was also made to Radiation, 
Limited, who loaned much of the demonstration 
apparatus. 


General Notices 


Conference on Automation 


A Conference, entitled ‘** Automation—Men and Money ”’, 
will be held at Harrogate on 27th to 30th June, 1961, under 
the aegis of the British Conference on Automation and 
Computation. It will be the>first British Conference on the 
social and economic effects of computation. 

Further details may be obtained from the Conference 
Secretary, The British Institute of Management, 80, Fetter 
Lane, London, E.C.4. 


Post-graduate Course in Welding Technology 


A one-year post-graduate course in Welding Technology, 
initiated by the Ministry of Education at the request of the 
Institute of Welding and the British Welding Research 
Association, will be held at the College of Aeronautics, 
Cranfield. Its object is to provide students of graduate 
status in either metallurgy or engineering with a specialized 
training to fit them for posts in the design, development and 
production departments of the many industries where 
welding is vital. The course will be divided into three Terms, 
commencing in October, 1961. 

Further details and forms of enrolment may be obtained 
from The Warden, The College of Aeronautics, Cranfield, 
Bletchley, Buckinghamshire. 


Laboratory Apparatus and Materials Exhibition 


The Second National Laboratory Apparatus and Materials 
Exhibition will be held in the Royal Horticultural Society’s 
New Hall, Westminster, S.W.1, on 19th to 22nd June, 1961. 
The exhibition, which is sponsored by Laboratory Practice, 
will enable manufacturers of apparatus and materials to 
show their equipment to scientists and laboratory executives 
in industry, research, education, medicine and national and 
municipal government. 

Further information may be obtained from John Bluff 
dl Service), Limited, 35, Great James Street, London, 

1.1. 


The Chemical Society 


The Corday-Morgan Silver Medal and Prize for 1960 
(400 guineas) will be awarded to the chemist of either sex 
and of British nationality who, in the judgment of the Council 
of The Chemical Society, has published, during the year, the 
most meritorious contribution to experimental chemistry, 
and who has not, at the date of publication, attained the age 
of 36 years. 

Further particulars may be obtained from the General 
reel The Chemical Society, Burlington House, London, 


1.G.E. Journal—May, 1961 


Integrated Data Processing 

A one-day Conference on Integrated Data Processing in 
Britain and America will be held on 24th May, 1961, at 
Church House, Westminster, S.W.1. It is a sequel to the 
visit of a mission to the U.S.A. in June, 1960, under the 
sponsorship of the European Productivity Agency, and the 
President and Editor of the mission will speak on American 
experience and progress in this field. Case studies from Brit- 
ish and American firms will follow. 

Further particulars may be obtained from the British 
Productivity Council (I1.D.P. Conference), Vintry House, 
Queen Street Place, London, E.C.4. 

Engine Testing of Lubricating Oils 

An international Symposium on Engine Testing of Crankcase 
Lubricating Oils, organized by The Institute of Petroleum, 
will be held at the Hotel Metropole, Brighton, on 17th to 
19th May, 1961. 

Further particulars and registration forms may be obtained 
from The Institute of Petroleum, 61, New Cavendish Street, 
London, W.1. 


Waverley Gold Medal 

The Waverley Gold Medal and Prize (£100), sponsored by 
Research, is designed to encourage the scientist in the 
laboratory and the engineer in the production plant to 
express his views and translate his work into an essay that 
will be readily understood by other scientists, directors of 
industrial firms, and others interested in science and tech- 
nology. There is a second Prize (£50) and a special Prize 
(£50). 

Particulars and entry forms may be obtained from The 
Editor, Research, 88, Kingsway, London, W.C.2. 


Library 
The Library and Reading Room of the Institution are 
open on weekdays between 9 a.m. and 5.30 p.m. Members 


may borrow books by post, excepting books of reference 
and certain others, on application to the Secretary. 


Benevolent Fund 

Contributions to the Benevolent Fund of the Institution 
may be paid at any time to the Honorary Secretary of the 
Benevolent Fund, 17, Grosvenor Crescent, London, S.W.1. 
It is a convenience if annual contributions are made by 
banker’s order, and it is particularly advantageous to the 
Fund if such contributions are made by Deed of Covenant, 
whereby the Fund is able to reclaim from the Inland Revenue 
an appropriate sum in respect of income tax paid by the 
contributor. Further particulars, with deed forms and 
banker’s orders for completion, are obtainable from the 
Honorary Secretary of the Fund. 


Eastern 
Chairman : 


Honorary Secretary and 
Treasurer : 


London and Southern 
Chairman : 


Honorary Secretary and 
Treasurer : 


Manchester and District 
Chairman : 


Honorary Secretary : 
Honorary Treasurer : 
Midland 
Chairman : 
Honorary Secretary : 
Honorary Treasurer : 
North of England 
Chairman : 
Honorary Secretary : 
Honorary Treasurer : 
South Western 
Chairman : 
Honorary Secretary : 
Honorary Treasurer : 
Wales and Monmouthshire 
Chairman : 
Honorary Secretary : 


Honorary Treasurer : 


Irish Gas Association 
President : 


Director : 


Acting Honorary Sec- 


retary and Treasurer : 


Officers of District Sections and Affiliated Associations 


Sections 


E. H. Winch, M.I.Gas E., 

Eastern Gas Board, 52, Sidney Street, Cambridge. 
J. Hunter-Rioch, M.B.E., M.I.Mech.E., M.I.Gas E., 
Eastern Gas Board, 52, Sidney Street, Cambridge. 


J. A. Hepworth, B.Sc., M.I.Gas E., 

North Thames Gas Board, Monck Street, London, S.W.1. 
J. T. Veryard, B.Sc., M.I.Gas E., 

South Eastern Gas Board, Katharine Street, Croydon. 


N. Sturrock, M.I.Gas E., 

North Western Gas Board, Bridgewater House, 60, Whitworth Street, Manchester. 
J. Castle, B.Sc., M.I.Gas E 

North Western Gas Board, Radiant House, Bold Street, Liverpool, 1. 

A. Harrison, M.I.Gas E., 

297, Bramhall Lane South, Bramhall, Cheshire. 


F. Harvey, M.I.Gas E., 

West Midlands Gas Board, Tame Bridge, West Bromwich Road, Walsall. 
D. K. Green, M.I.Gas E., 

West Midiands Gas Board, Foleshill Road, Coventry. 

J. H. Wainwright, M.I.Gas E., 

West Midlands Gas Board, Powke Lane, Blackheath, Birmingham. 


B. Richardson, M.I.Gas E., 

Northern Gas Board, Central Laboratory, Redheugh Gas Works, Gateshead. 
J. R. Matthew, M.I.Gas E., 

Northern Gas Board, Thomas Street, Consett, Co. Durham. 

W. Cummings, A.M.I.Gas E 

Northern Gas Board, 30, Grainger Street, Newcastle-upon-Tyne. 


T. W. Jackson, M.I.Gas E., 

South Western Gas Board, 9a, Quiet Street, Bath. 

F. C. Gay, M.B.E., F.C.1.S., Assoc.I.Gas E.., 

Radiant House, G.P.O. Box No. 141, Bristol, 1. 

T. A. Nicholson, A.M.I.Gas E., 

South Western Gas Board, 34, Bridge Street, Taunton. 


S. L. Wright, B.Sc., M.I.Gas E., 

Wales Gas Board, Grangetown Gas Works, Cardiff. 

J. Powdrill, M.B.E., A.M.1.Gas E., 

Wales Gas Board, Bute Terrace, Cardiff. 

O. P. Cronshaw, M.B.E., M.I.Gas E., 

Wales Gas Board, 93, Wellington Road, Rhyl, N. Wales. 


Affiliated Associations 


J. W. Kneeshaw, 

Clonmel Corporation Gas Department, Clonmel, Co. Tipperary. 
N. J. Robertson, Assoc.I.Gas E., 

Alliance and Dublin Consumers’ Gas Company, Dublin, Eire. 
Miss D. Colthurst, 

24a, D’Olier Street, Dublin, Eire. 


Scottish Association of Gas Managers 


President : 


Honorary Secretary and 
Treasurer : 


D. Beavis, M.1I.Gas E., 

Scottish Gas Board, 1, Rothesay Terrace, Edinburgh. 
W. Kirk, M.1.Gas E., 

Kessington, 29, Union Street, Greenock. 


British Junior Gas Associations’ Joint Council 


Chairman : 
Honorary Secretary : 


T. W. Pickthall, A.M.I.Gas E., 

North Western Gas Board, Stanley Buildings, Silver Street, Bury. 
L. G. Townsend, M.Sc., M.1.Gas 

North Western Gas Board, Hind Street, Birkenhead, Cheshire. 
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